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Executive Summary

This document presents recommended code chang
Commi ssi on swidlelr ibneg cfoo2rO 2aldlofptyycoln haawve comment s
suggestions prior to thteo@atdoptedast pkebskdema
Comments will not be released f ofr sphuariead. revi

| ntroducti on

The Codes and Standards Enhancement (CASE) 1In
to support the California Energy Commi ssionés
the Calif oComd(eal i Erd eer @yt , Part 6) to include new
existing requirements hfroe€a lviafro ouisa tlecheaotl @rgi @\
(Il OwPpcific Gas and El ectric Compaann8yo,utShaenr nDi e
Cal i forniandcdtiwonPubl icéigo®wAadelUesl Depart ment
and Pawdr Sacramento Muni(diepa@&li nUT ielf i€t yad ki wai talreia s
CASE Twlaenn including tepoRaSEedut hbs)effort.
goal i's tospbmparpr apastad su lttheafthecbevVe
enhancements to improve energy efficiency and
buil dlihnigss.report and the code change proposal s
effort to devel ¢pf tecthinvemeés @anidnfcosmati on for
on buil dienfgf iecnieerngty desi gn practices and techno

Th&8tatewi de GASEniTtesant ode change proposals to
the state agency that hasTiaultédo24tyPamot agflopTh:
Commi ssion will evaluat eStpatopwisdiéessCandb rait thtee d

stakehol ders. The Energy Commi ssion may revi s
Commi ssionds 2022 Title 24 welbesmalki fgrsdmddulne
how to participatepsn/ thewpeoeesgagn-dca. gov/ prog
topi cs/ pruadeamepdyf | csiteanncdyar dbsi/i 2-@ld dhredVf i Ci ency

Thevemalall &1 nGcAhSEs Reporetsemdcbdepchange propos:
reduced ihHe Inemdrtoncont ai ns uperottihreenrgto dienf or me
change.

MeasueecDbDi ption

Background I nformation
Air | eakage, or infiltration, occurs when out
openings in the building envelope or through

usudlilfyf etshef demired i edooediuemmgr andi | trati ol
way to reduce energy use and energy costs ass
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ventilation even in mild and dry climate zone
air qwiatlhiitny i ndlobir b ap dwiev$s | latier ed enter a buil
whereas air that enters through a mechanical
pollutants. This is particularly important in
dangerously pqgaml ouydoor air

The current prescriptive requirement for air

of Title 24, Pairn WaminwWeCeigmatre Zones 10 thro
requianed baust emeet ocnrei toefu stahsr eneawtietrhiianl ma x i mum
per meanc@slkismiassemblies within maxpmssmsm air | e
whole building |l eakage test to comeiasmrleedalkag
75 Pa.

Stakehol ders have provided feetdbamé&et haahepanbnij
requirementtlse thatoaigihal s omnassembli wgopmtoiesn not
While it is important to use proper air barri
|l i kely to occur at btuhie ageomemtbli es @afmddithfeemmanty
ensure that the air barrier waass ienxspteacltleedd ipsr ot
the whol eRebquuiilardirnngp ar r i er awe rpirfoipmateidon n t hi s C
woueésdgt alsltiasidtalradts holtdrcontor hd gh qual ity insta

Tk proposed code changes build uporfarsitgmifi
i nf i lperaftoromtmance froerq uniornerneesnitd evatsi alnt mhwidluad iamg s
decadebyagtohe U. S. Ar myr sCbeptsobfFo®whnhggakaedil di ng
buil di ng r ateignug rsey sctoenmtsi nuous air barrier with
buil di ngs:

T 2019 version of American Soci e€Cygnadift Hemit m g
Engi neer s St(aArSHaERAE-29@.9N0

1T 2021 version of the International Energy C
T Washington State Energy Code

T British Columbia Step Code

T 20@NYStretch Energy Code

T Seattle Energy Code

1

1

Passive House

Leadership in Energy and vBEnvli ronment Desig
The proposed requirements presented in this C
revisions to national model codes and would a
closely with requirements in theHoweasMaeinrecent
barrieguirements in Californbaecwaosgskedt hemai n | e
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requirements awheerperaess crreigputiirveement s i n ASHRAE 9
al |l climate zones, i ncluding the California ¢c¢

The proposed changes ewvoQaldi fadrsmoi ahbes pa nabcihtiieovu s
cli mat efoggcauaslisng on i mproved building envelope
Cal i forni adgq ClPdJaCd iZx0di 20rredheeriz g v ge. fRfeiquuiien oy ai r

barriersatee adhesclamd ensuring those air barri
verificatwomt e¢gg wlicte sisn sa fgfna dtiicvmaenterceorsgy savi ng
California. This is demonstrated in recent |
for rtelpiog t .

Proposed Code Change

This proposal would expand the current prescr
to additional wollil hataé spomse s enigtt hen requiremen
are effecti werby iQuadrueantilnyg, continuous air bar

prescriptive requirement in newl ylOcdnrmstorugdt ed
166This code change woul d e xbpuainldditnhgi st yrpeegsu iarnedm
cl i mat e ozro meesw c pandsdtirtuicatnidonal t er ed components

envelope

The proposed code change would offer two opti
install ed corbruadtdliyn:g 1a)i rwHoelagkage testing, or
t he whwilleadiimgl eakage test option, the test mus

effective at |l imitindgwhemkpygesswr iOzeédctudi ©5 cP:
the measured |l eddngkelewpD. dhefmuftding passes
compl i anet cwidteh tIhf t he measur ed?tlhealkkadd oiwd nagb o
corrective actions would be required:

l.Locate sources of | eakage using a smoke tr
2.l mpl ement corrective actions to seal | eaks

3.Report correxkdmnweamdtpromwi de justification
not seal ed.

|l f the measured | eakdqget hweasl eaabkoavgee Ot.ebs tc fnm/sftt b

the corrective actions to?2verify | eakage is b
Nonresidential Appeandddiexd NA02 .dde swdouilibde ditemg@ aiho | e
| eakage procedure, which woul d Amdreirccanrc eSd ccisdt

1The continuous air barrieran maist mgernrmeanues tbtenlatdde r0 a0 G4
Pacals (uksae) assemblies of materials and compatnehi s with
Pa, or conduct a whole building | eakage taesrta0teod ocfonf i r
cfMimeasuredaat 75

2Q2ZTitl e 2F) nBRASE FReip2ddr2NRE NV-E|8



for Testing Samd dMa tde rTieaslts Met hod For Measuring
Of A Large Or MUASTHEOEB® 1a&B8l) |bdbimgdi ngs wi th | es
ftof conditioned space can ufResidentpabcé&deregy
ServicesSNandark 380 { RHESINEHE ®BdAdhssonditioned
floor Sad,e@® ar eorf endtr e woultdo bes ead d toiweerdal t es't
met hod appraachbr danckE 1%({8phe AWISAWMs |l y establ i she:i
90.-2019) .

The second option to verify the air barrier i
party complete a fieled aver ibfaircateiromnwht d ei ndpec

visual l nspection procedures are described in
The proposed coade ddhamgewo tvbed idppclayt itoon al | no
buil di ngfsore xticlmeopsIé i mat e Zone 7, i naddidtiinggnerew ¢

alterations when over 50 percendtn dafhet teaskuiolfd
additions, only thevaedd®od cpanptl iyt iwon hwd thled ah a
requi remerithng the same sectional test method a
E313%8 ment i onkeodr ahbecavlet hcare facilities, the pr
apply to new facilittioesalard adddintsiions but not

The Energy Commidssiadbedhas 1 s aucncleipkteilnyg tthhaet t h
recommendation to require air barrier verific
creating and maintaining quapafyceanti onhi es i ter
the veriMeircdtyi mmgswiirld sludanteifddrecbsve energy savi
including significant natur al gaontsiarvu enggst.o Th
support the verification regud semenésegptredenht
working with the Energy Commidesiedt mgpand ot her

infrastructiumel emendtedt h® recommended requir emi

The proposal woul d t @ cliodmamrkeangde rreavtiessi onssed i n tF
Desi gn anedd POreospiogsno mpnl isahrfed evar e .

Finally, the proposed code change would requi
construction documents to help i mprove compl.i

2Section 100.21(b) of Title 24, Part 6 includes the foll
Energy Services Network document titled AStandard for

Airtightness obl Hegt Ahg ®ndt€Ci bution Systems, and Airf|
Systemso 2016 (ANSI2/0RBSNBT/IfC@ 3&Gidential building us

uses air |l eakage rates that are | ess thdan ht fagd euXeld iP
6, then the | eakage rate must be verified (Section 150,
|l eakage testing is described in Residential Appendi x R.
Air LeakageEmcdl oBsuurledsi ngnd Dwel |l ing Unit Enclosures and

2Q2ZrTitl e 2F) nBRASE FReip2ddr2NRE NV-E|9



Scope of Code Change Proposal

Tablssummari zes the scope of the propdiseed chanc
st andaRedfse,r ence Appendi ces, MAl h(eAOM)t | Rrveef eCael nccuel
Manuahd compl i anctehadawlddemenotds f i ed

Tabl:e Scope of Code Change Proposal
Measur Type of Modi fi Modi fi e Woul d Modi fi e

Name RequireSectio24 Part ComplieéCompl i a
of TitAppendi SoftwarDocumgs
Part 6 Modi f i e

ReducePrescri 140.8( Nonresi Yes, NFNRCENYV

I'nfilt 141(.b0) Appen2di4d ACM. 4. E

of Bui

Envelo

Mar ket AamadyRegul atory Assessment

Ai r bmatrdrbinasles been required-1i6ns€Chzmhipad aZ ®enes

to Title 24, Par tExa e(nkn enrgg ytvwhi@o trée)gbue rceorsetn te f f e
technical,agdfwasgli 8l rot cause signifiWhanlte chan
building air lkheplader mafciengetisdeant i al buil di
but commer cihalveb wmiol dintgesnti ve for testing and
Howevietr ,has been requi mnedeicmd@Wasamadnegmeomdat ory

requirement i R OADHP 90g 1A ppmrteewranlat i onal Ener
Conservatil&gceode There are already testing pr
able to perfandh whentebBéingquiremenngtwars i ntr.
training and business oppolrhteurnei tairees awerreea dnya dt ee
agenciessandngionhiGarsi fornia that have the capa
commer ci al(sbai Bd3c.fi2pe n e x)aAripd eeAirh@&8arrier Assoc
Amerindi d dntegpduH edl p pr ovifde ttreasitninmgg bui |l di ngs

CosBBf fecti veness

ThbenedfcogB/rCt i o ¢ o nbpeanresfst dtshieev i thag st h eo veeast s

t hyear peri odProop oasnead hyesongsehavea/a&€ati oorof 1.0
greaatreenef fecti ve. HBheatliaoc,getrhd hfeaster the mea
from emoesws. ng

The proposed woouded cohnanyggeapply to cli madebeones
cost eflfhelseiziongBs @nrged bdabar&MSe&ecth.dont he
met hodol ogy, ,aansds urnepstuitobrestt 6 ect h@eeness anal ysis
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Statewide EneEgegerWYampamds GreenhqusHEG Gas
Emi ssilonpsact s

Tab2preseéehesesti maadred dckereapgayct s of the propose
chantghewoub e reasltiaz edvi dteh ed df@2monegtthhsat t he 2022 Ti
24, Part 6 requirFeimemtdrs atrat ewi ¢d fewrer gy i mp a
represkeynhedf oiné orwilaeeg t ri ciitny gsiavawagsst per year
(GWh/wyeadk el ectricali demagdwatbthaoaf MWWhgas savit
million theMviBepms/ yeadepaddahmgtTiDmer gy
saviinigisl o Br i ti spmert h@gddkaBlt(ubmgistesc tGfoonr mor e

det @ainl ¢ hgebrrstat ewiadec uil napté&@ddtasbgwithe CASBdAdTean
Sectdfoodret ai |l s -ani thenpeggl savangsens.

Tab2€i rYeta$t at emndyegnthpact s

Measur e El ect Pea Natura TDV En:
Savir El ect Savi Savir
( GWh / Demar (MMTh e r n (TD
Reduct Iy mi | |
( MW kBt ul/
New Construc 0. C 0. 4 0. ¢ 317.
Addi tainadn sAl t e 0. C 0. 0. ¢ 3309.
Tot 0.1 0. 7 1. ¢ 656 .
Whil e certain climate zones shaowddnaneg athiowese de
positive gas savings, and overall this measur
i mpacts due to the natural gas savings.

Tab3presents the e GiHIGMAIt £9a sasvaociidaetda@ wir oipo s ed

code chandgéhet hgeat andar déAvai e eidn GellGf eeni ssi on
measurmatninc t omsdiod x icae eegurii veaOteeMisss umpt i ons

used in developing the GHG §6a&nAdpmpe mdoiéxhpGovi d
repdht. monetary value of avoided GHG emission
and is thus c¢orsef 6idetiarvalnyediss .
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TabB88e FiYeatr St aGHGGmMdesi ons | mpacts

Avoi ded GHG I Monetary

(Metri cCObdays Avoi ded GHG |

($20

TOTAL 11,0 $1, 171

Water and Water Quality I mpacts
The proposed measurlave amy iempactedon owater

guality, excluding I mpacts that occur at powe
Compliance and Enforcement
Overview of Compliance Process
Th8tat ewASIE Twamked with stakeholders to devel
compliance and enforcement process woonud dt o i de

havevami ous maimTket caempdbi ance process2.ibs descr
Imp acotns mar k ed r daecstcorrisbed 3i.8nSppénodinkke Ekey i ssue:
related to compl i ainst &ti @ iopirg oejnef cotr cteemeerinse s ur e t hi
test is passed

Field Ver i fAiccceetpitaamcaendlest i ng

There are two options to confirm that the con
first opomphet ebaoWwdiomgl ealkkange stmemdtl. commer ci a
buil dwhnoglse, bui l ding wdbul Hebkagempeetoedgnce wi't
RESNET/ ANSIF®@3r80l ar gtee s tbiun d advioomgpldde theed i n accor d:
ASTM E3158 yrblfaamerasd embl y ,mwhptoihint ecegr @ls s o 0
t estTihneg.s ec on df oorp tap etnbtrirsd o mminsgg ea ht lwe t h

necessary ¢etrpephiip heenedep e c tvieansf yt a he continuous
i nstabt eddtel wphirotd commi s erohi ongt wonl dr ogramr e

a verification of the entire air barrier, so
times during the constructiwhiiltdé a sse atcoc eisnssi pbe ce
vi sual I.Re pe®etcitakman d Se7c.tf3oon add ot ma bhGobsnti n f

esti mates for testryggnbuobudi hpe eerification g
Secti.on
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1.l ntroducti on

This document presendtschacgmementhad ¢ he Califo
Commi ssion wi ||l be co2a82d¢éfi ygufbavadopmment s
suggestions prior to thteo@atdoptedast pkebskdema
Comments will not be released for public revi
The Codes and Standards Enhancement (CASE) 1in
to support the California Energy Commi ssionés

t h@abr hBEnaer gy (Codée 24, Part 6) to include new
existing requirements hfroe€Ca lviafro ouisa tlecheaotl @rgi @\
(Il OwW”Ppci fic Gas and El ectric Compaann8yo,utShaenr nDi e
Cailf orni daBdi $ovm Publ i icéist oBGwmed) elteisl iDtepart men
Water andnBo®wacramento Munidiepa&l nUtrielfietry edi ¢ to
Statewi dltea&@mhSEn i ncl uding tepoRcaS8EedAut hpbs)effo
prograimsgaoeal prepare and wvsouudtnelstu lptreof phoescablssy et h at

enhancements to improve energy efficiency and
buil dings. This report and the code change pr
ef fort ttoecdhenvieclaodpfdmrd tdostness i nformation for
on buil dienfgf iecnieerngty desi gn practices and techno

Th&8tat ewAIE Tewalbhmi ts code change proposals to
the state agency tdopt haswi aIndmort e yTittol ed2 4, l
Commi swowéhdal uate proposals suBCABEt @dmdny t he
ot her stakeholders. The Energy Commi ssion may
Energy Commi ssionds 202mMmaTibheabéuwwebsdiet euf em
schedule and how to pattipecipatwewi enehegypraeacegs9
ant opi cs/ progwamsedhfuii csitdeanncdya r ¢bsi/i 2-@ A drgg y
efficiency

The overal ICASEaRootpdssdastca ode change epdruccpeads a l

infilThatiemort containsuperottihreengto dienfchramat i o1
When devel oping the code change proposal and
presented in this reporsoughe Betatlbwe kBleé CAGE
industry stakeholders including Berner | ntern

AssociAitri oBigrri er As s onte nabteirosnAacofd r iAteenm | $@ci et y
Heating, Ref r i-Qoenrdaittiinogn ian®yd aEMidya rnédeSeFBsAE )9 0. 1

Envel ope Subtaonmniatctteuer,er s, contractor s, bui |l di
and others involved in the code compliance pr
feedback received during public stakeholder w

held on November | 514202920and Apr.i

The following is a brief summary of the conte
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Sectdicvre as Deas cr iogti isWICASE pReoperda descriptior
t he meamsdriet s b acTkhg rsoaudngmoteiseamdet ai | ed
descripti omr oddeh ehrogve tihd saccompl i shed in the
doenents that hmaReParpSt&®4nd.ar ds

Sectdiomar ket Amxllywgdiesview of the current m;
and dkesoribes the desacdibatled ywii tshs utelse code
including whether the prcognoksheidcthimeoais@me t ov e
of the buil gsiuncghf satrs&@n d ared s miad,etan & damtdidearr d s
whet her technical, compliarxd,stor enforcea

SectdiEmer gy i ge sentesunihte epner gye,d ud;e naaonad
energy cost savings associated with the pr
al ssescribes thd hmdE&Ehatdewiodge dmMsSeEdo est i mat e
peunéemer gy, rdeednacrtdi b ne rceorsgayw i ngs.

SecthicCrost Cordf f ect iprenstes st he | i fecycle cost
effectivermsesBhias aildycslicuudsebshreant er i al s and | ab
required to i mpl emaequa rtthitefi imkeaciuner ametnt al
al so includes nestimmat ead onfa, nitegeuapene ncost s

|l ifetime and various peri odenct caonsdt smaaisnstoecni a
during the period of analysis

Sect@idn fYyetat afewmdagness ¢ hdetsat eewniedregy s avi ng:e
and envi rioompmaecnttsp Foofp otcshedde c hange for the fir
t h20 2c20 ddeakeef f.8bt s i ncl udesentehrechymomohesdht o f
saved by California buanddiinngp aocwnse r(si nacnrde at see
reduct imatsewiioanth emphasi s placed on any mat e
consi deriend tthoex isct at.e SotfatCeawiidfeo rwnaitaer consum
are méporteaset non

Sect7did®Pm opoRseevdi si @ondseahQua e c | tuddreespwir t h
specific recoimmend@debeasi ond¢r pfadddt i ons)
| anguageStfaonrd Renflee r AppendAlcteagrv@@at cul ati on
Manu(@ACReference IBampal anaedoNgn ualn,c e
document s

Sect8idBn bl i ograpdiyt ss a UtrelcaetsS tt ahtee wi dlee &M S E
used when developing this report.

AppendStxatAe wi d eMeSahvoidnpgtrseggnt s t he met hodol o
assumptions used to calcul ate statewide en

AppendiEmbe8dded El ectricitypriemseéNattsert iMet hodc
met hodol ogy anus e dcsau oogutlhesdk res termbcei dt dya
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water(esge., electricity usedantheshrearvwg,y mov e,
savimgsul t irreg ufcreadm wat er use.

Appendi En@i ronment al | mpastnat Met hedmkeobypdo
and assumptions iumspantGs CoomE Issu loantseuasred wat er
anduality

AppendCxl iDF ornia Building Energy Code Compl
Speci fpraseehegvant proposed changes to the

any) .

Appendlimpe&EcC€Cesmplfi ance nPr\acrekseppr dsbdowst he
recommended compl i ancei (pentmafsikec oattdor smmpac

AppendSuwmmary of Stakehdlodeamebddsa goatient
to eegyrado!l | alwvort &8t enarsk eandaceaxopert s

AppendAnxalGysi s of Addi prge sAdtniteB aranviieargs Q@n ity
to requiring air ba-®Briwetbouh Ckpmatomngdones

Appendi Sugpl ement Energy Savings | mpacts i
savi dgevy féach prototype building in each c
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2 MeasDescription

2. Measure Overview

This proposal would expand the current prescr
to additional wotuhiabestoregntememfriagum tsarri er
are efdycrnegwi ri nGuwvreent cCoati omous air barri e
prescriptivenreqwlyemenstructed HbuWi Itdirmgs hi n
166This code change woul d e xbpuainldditnhgi rstcyrpeebsun g e m
hot eihsal i mat & ozomeeanst rraddi pnand altered build
envel ope components

Thproposed c¢ owndoeulcdhtaonfoyf e® it toi cdresnonstr at € st he air
install eid)c ovdbrod cktdliyng ai r | ewikagal tiedspeg@t i o
t heho-bedilng air Ilopdk age ttdcwmtntfaegtm mhet air barri
effeclimetang | eakagéwhen Oprde curiscz &idsnk/ TRE&H P

the measured.ld4eddémmgbel ew, the building passes
compl itahntt hwei code. | f t haeb onWeeatd uwdt dhde If @d K agvé nigs
correcti weubadtelmain g ed:

l.Locate sources of | eakagei nufsriaamgega ngmaslkue vtery
2.1l mpl ement corrective actions to seal | eaks

3.Report corornesc ttiavkperna catnddet i ff ioc ataingn | eaks t hat
not seal ed.

| f the measwnabolvealadgetchfem/Ifetak agreepgeatteadiust b

t heorrective metri bgsl eakag?’e is below 0.6 cf m/f
Nonresidential whppendiex alA2d4 hotbaesdi nlge at he
| eakmgecedur e, which ewdweldd i me faecfcmer dieacnacne Saoi ctihe t

for Testing Sdrach dMatde rTieslts Met hod For Measuring
of A Large Or M@AISITIM2 &£H.8 Brivaulilldd inggs with | ess
f2tof condi t icoanne du ssep atceest pr o cRedsuir ceesn tdieaslc r H rbeerdg Vi
Services SNandarRE SDT ){.3 8l0abrugd dviimmdgiscondi ti oned

SThe continuous air barrieran mauist genrmheanwues ebtenladde ro a0 G4
Pacals (ukae) assemblies of materials andOdomfantdi dfdd s wi th
Pa, or conduct a whole building | eakage taesrta0bteod ocfonf i r
cf dMmeasuredaat 75

4Section 100.1(b) of Title 24, Part 6 includes the foll
Energy Services Network document titled AStandard for T
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floor Sa0,eBfiotn f mMwowel d bet al aswedt i onal t est met |
approachaccordance WiprlevASTNI §188tabli-shed by
2019) .

The secontdo ovpetraibfny btahrertiaelst at hamedapendent t hir
party campilelte& vVeémniitehced taiomhbidtrerii®rbei hlge i nst a
vi sual i nspection procedures are described in

The proposed tode ddhamgewo wled idppclay itoon al | no
bui |l e@ixmcggottrh oisre Cl i matei Zolhedi7ng nadvdicbinend uct i
al teratioowesr wohOoenper cent of the.lbruitlhde nga e vefl c
addnstomnot Wwe addedwopualrd ihtaivoen t b heeiormplleyjakvagen t est |
requiremenheal thcare facilities, the proposed
facilities and additions but not to alteratio

The Energy Commi ssion has indicated it is unl
recommendation to require air barrier verific
creating and maintaining quapartiyadntointcites ttea
the veriVeircdtyi mmgswiirldsludnteifdecbobsve energy savi
including significant natur al gcontsianvuensggst.o Th
support the verification regondremenhtsepestedt
wor king with the Energy Commi ssion and other

f

infrastructiume!| emendtdt h® recommended requi r emi

Th
De

Finally, the proposed code change would requi
construction documents to help i mprove compl i

D

proposaetommaehd trevitdakoangse r ates used in tF
iaghnnrd Pr oposied ddepsliigasnocfet war e

(7]

5

2. Measure History

Air |l eakage, or infiltrationdi mgctulmmsouwdlencmoadl
openings in the building envelope or through
usually different than the desired indoor tem
way to reduce energy use atnkd hleeneaetrigryg ,c ocsa csl iarsgs,
ventilation even in mild and dry climate zone

Airtightness of Heating and Cooling Air Distribution S
Systemso 2016 (ANSI2/0RBSNBT/I IfIC@b Bi&lGdiidnegn tuisaa ng t he perfor

uses air |l eakage rates that are |l ess than those used i
6, then the | eakage rate must be verified (Section 150,
leakage testing is described in Residential Appendi x RA
Air Leakage of Building Enclosures and Dwelling Unit EI
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As demonstrated in recent |iteraturemand i n t
effectivewautdbalti enssafgfnadtiicvaentercersgy savi ng
Cdif oStnakaehblader st ateeddu tiuhnaytdi ng imfi mporat amnh i
aspeodt i mproving the energy effi.ciTemoasheddfp Cal i
ache@al i forniads ambitiousAlesmegrugy nagn o ncli impa toe
building envel openpestenmawcehi €al(iCP&ICni ads |

201.2)California already has a pheornieosr mann cael |o pctli
zones that wuse verified building air | eakage
Reducing infiltration alTshoe iampr dweosm iimdadrt raait

unfil®@®rertelde ot her hand, when a winltddmgteom t i ¢
i sblae to bringt iian iMntEl hie c ReemoaryVei Inge ( MERV)

This i s panptoiricnaln@all iyf or ni a where fire season
poor outdoor air quality.
Theur rperets c rriepgtuii wéeame na i rwabsa riroideurcshe i2M 13 ver si

u
of Titlel24giRast t®hree options for wmeeYging th
mat eri anestt Hghéer meiance requi andmeért4 ?aff m7és £ at h

using assembl i esxoandfpometndrsi @alhsaatamkeet t hef air |
| ess Ot Watn %afffmd/ fPtgp,a ssa mgai r tleesatk awgiet h raa tnea xoif mu m
0. 40 Z?cafrnd/ fMdbese t hr ewemetdoosdsmed to give an eq
building air | ®Batkad® v coh. 4i sc ftmii/ef r fdIkeel chose
infiltration rate IimTh8haetewmdéei EAS8E Te&mwhas.
numerous stakeholders that project teams choo
through one oforndie dnd stthatwot epttiing does not ¢

g

As discussed. 4rneéSeicrte mennAtnee riinc altnotShoci ety of He
Refri ger atdonngdiatnido nAinSa nEdnagridh e%er.s1 ( ASHRAE 90, 1
Il nternational Energy Conservation Code (I ECC)
editi@ahd a®Lsurances that continuous air barri
operating aVMashnn®mded .al so incl tdesonégquimr ¢ men
barrier is func(tOfofniimigalas, | \Wd £midreglt on Associ at
These new r evpuier ealme/rettoped based on research t
airrrbiaers do not perform aTheeplopesedri égqeidr e
presented in this CASE Report were inspired b
codeswaun#dldi gn Cali forniads requirements more ¢
mosecent versions of ASHRAE 90.1, though Calif
|l ess stringent because the air barrier requir
whereas requirements in ASHRAE 90. 1 are mand
t he Cal icflarmmit e zones.

As show i A.tSleeetqgiudanmr ement s for materials or ass
component sdahgpi aehi gve the stahmee vah altd ghhuinledsisn ¢
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air | eakage requirement for the Whiole ibwuiilglin
i mportant to use proper ailredlage epoimatt erarad sl
occur at the juncturasdetwhdi yfewagntoassembeéi e
barrier was installed properly and is functio
buil @hegStatewi de CASE Taeaamndeddlfd mGaitfaedf thohfatt a
Pais more appropriate fori éuimadiegsaltsdabutuseoa
| eakage of Thhies bwasl dtihneggn t he baseline infiltra
model ing analysis for new cb@lstirsufcitlitornatiinonClria
attributed to using prloper dihranb avrhraite rh amma tbesrein
change piopos hles jNYBEEBDAtMROR2Oh ANY St retch Ener
Code CocatherCost Effectotavenebat Aidamgrsatad ioft rhtoO
cfmAtt 75 Pa to the air barri€m01l16e quwihi e€ememtrse it
same as in Title(RY¥SERBDAt260610urrently

Air barrier verification by whoéguibued dfi g ai
nonresidenti al buildings by the Seattle Energ
Code (WSEC) fosea 0SODEM4. 6(.\2ashi ngton Associ at
Building OfWSCE-@Q0 58 2890001 odmiCiddRi I5t@l.az25 o n
cfmMatt 75 Proapdesormance credit if buiidings
at 7b5SBE&C 20nl 8a)d,diwh olne Dblue akdagneg tasisré nng has

i ncorporatedtishofobpmBotdbMeawm dYDtrrket ch Code.

As the industry moves toward more energy effi
standards are acknowl edgitmnghthédui mpdongaeoae ed
House and Net aZnedraor desn ebrogtyh sstet strict guidel in
requirements for the constructed air barrier.
0.6 air changes (Passhoer Haus®O0 bRatyputal hydO)
cf m(fQ' Donneleladnerds.hyi p i n Energy drEE)DEN.VI r onmer
provideisncUed.i tCl i-fhater Zbunekd@&8ngser it hateadfhaeeduct
at | east i2n5 apierr ciennfti hASHRAEG.#80Hré6d opwi r eneht of
cf/nfatt 76 UB&BC .BORDYMing air tightoewsrisyal so
performance in cB8@pEnaengyg ®iEBRrghd&tep Code C
201.Maxi mum permitted aadreeeo g fiiiaepdoirmdatindtit c at i o
foorigh performance buil dings.

See SefLftoadncul ated savings Bepvawvimgduymeas air

| eakage caonc ciunpparnotvecomfort from a standpoint o
control, a66Gaaktanldn nacddi)ti on, minimizing air |
mitigate the minskt rodulceo nd.edh.s)at i
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2 .
Th

Summary of Proposed Changes to Code D
e sectioumwmmbhibavdvet an da rRdesf eArpepnecnedAlctesr, nat i ve

Calcul ati @CVYRet bBodnce Manual sdo caunndevictobne | i anc e

modi fied bedtcbdapgepo HetehiSecteport for detail
revisions to code | anguage.

2. 3Stmmary of Changes to the Standards

This pmwoptmeal fy the foll oWalnigf srercita cissendy t @@
shown bel ow. 7Sfegecmra$ é&emioadlmanguage.

The following is a summary of proposed modi fi
Title 24, Pac¢¥rltO 31T BSee cptuiropnosled0 of this change i s
requirement spafrotry tehnet itthyi rtdhat compl etes the ve
air barrier. This change is nkeessdryi doapbrohk
compl etes theotesmpleteraheedeti fication.
Secti onb)IIh®. pur pose of dtehliesh ec hdaenfgieniitsi otho of A
because it would not bedeeferenced in the 202
Section 14T0h.e3 (pauyr9po se of this change iIis to add
requentes. It is necessary help ensure complia
This change would i mpact the numbering of the
Section 14Dh&8 (@myrROELose of ntahkiesbrarhraineggre v esr itfoi c at
prescrriepqtuiirvmee ment rather t.halnt ai rreescad padr wet @
Standards are properly implemented.

Section 14Dh8(@myrROELoase of this change is to de:
meet i nagi rt hbear r i erre queirritdmreoattgihomwh ol e bui |l di ng ai
testing. It is necessary to ensure the Standa
Section 140hpapd€ei of this change is to desc
testing results do not meet the requirements.
Standards are properly implemented.
Exceptiderti on 14T0h.e3 (pau)r9pm se of thisieaamrge 1 s
Zone 7 from the requirements of this section.
Standards are properly implemented.

Section 1BHe Ogwardose of dtehsicsr icbhea nagne aicsc etpot ab |l e
meettimag r barrier veenufiisawatli o.m didequsi raeent essary
ensure the proposed Standards are properly im
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Section 14Tlhe (pur2pose of this change i1Iis to est
|l arge enough to trigger the propobedpBSbpodadd
Standards are properly i mplemented.

2. 3SA@mmary of ChaRegfeesr eenoc e hfeppendi ces

This pmwopdaoal fy t he sRecftd ropsp eonfdiitckeastbiefl ioevd
See Set.td otrteipsort for the detailed proposed re
reference appendi ces.

JA1l Definhheéipmspose of this change is to add
because it iIis referenced in NA2.4, the newly
testing proceduurledifnogr awhrolleeakage testing.

NA2.4 Field Verificatigndeandedi dvpotdbeaiBaui Tas inig
Air Ledkepgepose of this new field veraficatio
specifiedtprpeetvihrodheamui | di ngt miwerliefak atglee t e s
continuous air barrier iThe dtuincrt | DMa migf iaess i mrt @\
on the test procedures that can be used for n

conditioned floor area. NA2.4 describes one o
barrier. The second option is described in NA
NAR2 .5 Field Verification Tohfe Cpownrtg msueo ucsf Atihi sBarr
verification procedure is to clearly describe
air barrier is installed correctly uisbeg the

one obptwons to verify the continuous air bar,
NA2. 4.

2.3S8mmary of ChaNogrerse stioRhe&€iteiRe!lf er ence Manual

This pmwopdoal fy the foll oWommge sieAt@M toResfl eorfe ntchee
Manau as shown bel700if BSbésSeepiboh for the det s
revisions to the text of the ACM Reference Ma

1 SECTI ON 5. 4 SQurcreentsleys t he dedfam¥ifnot abl ue i s
climate zones even though there are no air
Zone®.1The Standard Design default wvalues
cfmdifft there is no air ba&foarraismpelarfriiedr, W
verificatiaginf Ohé&refim¢ feconti nuous air barri

cf ndafftt er air | eakage testing is complete.
T 54. 2 I nf:Zdnermftiilotnrati on airfl owl omoutlhde have
Standard anbe®rgogmposEhle Standard Design woul
to reflect the new specifications |l aid out
the Energy Commi ssion, to alclcosiint diodes ndfi
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building envel ope,alrlagd Preorfh@bBeeadn gpuwbut de hwv
be modified to no |l onger have a fixed valu

2. 3Sd4mmary of ChaNogrerse stioCaninteil alance Manual

The proposed wooudrsd daSfeacntgieono B . RdnBr. s i dent i al
CompliancéoMageihdeempl| i ance requirements for ai
and ver iSfeicaddtothonr. 1 Addi t i3ars 2am®d A$Sd etriadn ons w
be updatedclude the air barrier reqg®%eeements
Sect/dA.aaf t hifsor eplbetdetail ed proposed revision
NonresiG@empgliiadnce Manual

2.3SGmmary of CG@GampleisBdoement s

Newomplianceatdiowuimane to be provided to demon
with the air barrierThherprfogad e cd mcooudrap dd f agrme e t
the comgbrcamd&RiICENMMand NRE® 1

New compliance decuekopat aicn idneyaklaigreerud &
requiHoevever, it woul d mots ulpel exteann xailv e egppiomrde ¢
documentation of tweubédrréqqaknge tesbengubmit:
accordance wit.h ASTM E3158

Theummary compl i ancwo ullodccutuedset atli envel ope ar ea
area, air by volume, stories above grade, and
rafedelt weeadnd oOf. G/aftt 7@ nPa,dditi onal section wou
compl epedivie® vi sswali oinnsamd corr ecweirvee caocnpil cent epc

2. Regul atory Cont ext

2. 4E¢i stRiemgi rements in the California Energy

Title 2i4nclPades 6bot h mandatory and prescripti)
|l eakage. Section 1b0#tTe,sivdleindh adp plideisi @inanegsi, d e

regues that, AAll joints, penetrations and ot
are potential sources of air | eakage shall ©be
ot her wi se seara&tdi dro dndnigxfiiniftinast abl Dshéasst he
mini mum compliance for alll buildings, though
ands not sufficient to ensure buildings actua
| eakage.

Prescrirpthiave i®ir ftegunoemesitdenti al buil dings

Secti onm)19400 .c3o(mpl y wi th presaril@tinge ri enq (Cil ri emad
10 throughavaé cmwngti nuoutsh aati rc obnapririieesr wi t h one
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1. MaterThésconti nuoiusompas edarafi emaetedr iaalrs t he
per manence ,eqwhir@meédeehienn testaendceacwiotri
the American Society for Testing and Mater
Met hod for Air ®engnedatcer iod! Bu" F2d13 (ASTM
Al terndebivghgrs canpruesse mtad e rii /Al Bavaltee rli 4a0 .s:
Deemed to Comply witihn Secnji wmc tlidd®dn 3wiat) I As e ¢
and installing as air baaciersr iinnatcocdian

2. Assembllhye. continuous air @duagaemkelri es afo mpatse
and componmeendts aihratl e ak a g ewhriecghua ar seermetnht ase s
not exceed an ai Id/édfmhaget ead eadoda®ce with
ASTH2353ASTH16PASTH1680r AERPMEAlI ternatively,
designers can use assemblies thatntseadeem
sealed and materials are installed accordi

3. Whotbari | diemgfage Trestaing.l eakage rate of the
not morOe Af/mMatlhhen tested in acE&¥r7®®ance with

There are no prescriptive air barriefheequire

proposed code chanhgemwaoudlld cdxmeand zones. It W
requireéemennsilt hee whol e buil dt higmg learkeargtea ttiesn i
amir barriepgr oveeea@ixfeciepat iioon ClLi mate Zone 7

Curr etnitd ycode doeasngniort braergrluuedre ment s afnodr naol t er ¢
requirement | akalglee tersdap cmged ¢ o daed dc haa m ey uw a elnt
t hatr bwahrerni etrhe buidcdimpgp neemvteliocsp al tered and w
barrier wverificati on iteflmeneolroep e hcaonmpsoOn epretrsc eanrte
The codel desatdayt e t hat t he enmwedtopme eotf tame addi t

SASTM E2178 is the American Sdoicatmenftor i Td stdi,nd Sarmd dMa t
for Air Permeance of Building§3Materials," 2013 (ASTM E.

SASTM E1677 is the American Society for Testing and Mat
for an Air Retarder (ARRI Blet ériaamedoBuSysiem Wat |l s, 0 20
11) .

TASTM E1680 is the American Society f &t ahasatridn g esnd M4 tl
for Rate of Air Leakage throughOEX0ES i OASBIRIBELEROGOOT Pal

SASTH283 is the American Society for Testing and Mater.i
for Determining the Rate of Air Leakage Through Exteri
Specified Pressure Differences AcPo68001LAE) Speci men, 0 2

°ASTM E779 is the American Society for Testing and Mate
for Determining Air Leakage Rate bylOHan Pressurizati on,
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requirements of Sect.i9 nasn dl 4t0h.e2r etfhbreoeurgthe el 4r0e q u i
do applyhe added bfulto ocornslgyd ¢gteoma th et aed whol e bui |

2. 4R21 at i onRsehgiupi rteom®©nh h®arnhs of the California
Code

There are no requirements in othehapante dfre
raeted to the propcChaptecdeag:chFamgesand Smoke Su
Cal i fBourinliCaocheg ( Ti tReeqgajreartair | eakamekeestin
barriers are effectivetatstcorst abwniilrdg veggo ol keeea, k ab
test and smoke barriers are not required in a

2. 4R81 ati armos Licftaalb,dFeder al Laws
There aekevmantst acal or federal | aws .

2. 4Rél ationship to Industry Standards

ASHRMABD 2019 i naanandleas omrye megexqruicont i nuoAkl air be
buildings in all <climate zonéSemusbnHeawid. 8o1t)
heat ed &ip@ldendotnees 0 tamsiurgdhl 6 wyt he concrete r
buildings in €Femax@omgtbinneuc2uBs air barriers mus
design andriemgat ale9pemwi dn ¢ | mt ebtes eficwtriaognpst @ d ,
caul ked, gasketed, or taped in an @aappcbobved ma
5. 4. 3THe 23 i rmubsarbrei evrer i fi ed by e ibtuhielrdicnogn d uecatkiz
test (dDe4tBpod@r compl-parnhy met hifrdation of the
instalEatephion tol&edtbSeatbod.3.932.1.1).

| f compl ebunigdwhol teets t ncuosntftitrdmeai r | eakage r at e
cf mMbft |lefs stehaes ulr ealk a gies r lae¢ @ wadred cOf. md/l fetarkuss t

be identi fiiedde alnidn g ecad re db éw i at chcooun p lidiesht @ dutci n g
buil di ng coPrmpom &Mdl$Ht. heedi t i on,a nAdS HIRIAtEl € 02 41, Par |
aligned ininbausthercoampl ¢ yrwihtald o6me odf t hree
mat erials that met air pdarsmearbda erse dthiate mert |
requir ementbsui lodri nwgh el kel knagg € h e 2 0ALSOH ReAdE 1 9i 0o. nl,
2019 i minated the materials and assemblies reqg
for siemaitéengaces, aadtregbasedet heocbe verifie
t wo met hotsai |l Whaolge ai r | eakeag e .iTdesstdieonmi rorb drn reil
requirements apply to newlctoenrsaitrieuotresare a geaddi t

WASHRAE 90.1 defines semiheatedi slpiaceaabuyi idinngntchateid:s
heating system whose output capacity is greater than o
conditioned space.
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requirements f oarp pallitcearbahte soen ss paercei fiii ¢ ptohratti on s
are being alASHR2E190S4t3) on 5.

The 2021 version of the International Energy
published Fall 202®ui Wwidliingi nels tafdaargan ogrigrod sei edreennt
buil dings that is consistent with the require
|l ECC will exempt Climate Zones 2B, 3B, 3C, an
Califora2a0dlECThevi | | not incl wdea etrmaeatfiivel d ov enrhic

buildi nght2®2tli n &ECC r d@idAd ier edainomestitsot i ng bui | di
or portion theteot hehahrlovecenboasmof this code
to new construction withott omsquwifritmg tehke sama
building system to(tampryawi ohat hCsd@&@bd&€eunci l

means that alterations to tihrestbalill da nago retnivred oot
bartihaeversfied. Excepti oanrse ttoh et hfiosl Iroewgiunigr:e me n
1.Storm windows installed over existing fene

2.Sur f-agel i ed wi ndow efxiilsmmiinpatsa Infgd ke 98 hr at i on
assemblies reducing solar heamnogairequpnrevi
glazing or fenestration to be replaced.

3.Existing ceiling, wall or floor cavities e
these cavities are filled with insulation.
4 . Construction where the existing roof, wal/l

5. Rof recover .

6.Air barriers shall not be required for roo
alterations or renovations to,thenbwvialtdiomg
or repairs to the remainder of the buildin

The state ohaWashbnhngthoaous air barrier require
ASHRAE -BD®19. Continuous air barriers that meet
criteria are required, and the ®diunllbammgi éreaka
teJhe Igeeakamte must not?2 exeakd ®Mmub beEmseal ed
measured | eakage?idnowarshOngtofnm/ ttesting is p
thaypiicablg to document a minimum of two year :
accordance BVMi7t9h oA ASTAMBTM 3158 for pr.dhects of s

St atewWASIe Team proposes that in order for test
| evel of qualifications necessary to perform
produce a rmeaoagr d rofm ttrhaeei manufacturer of the t
demonstrating competence in the testing scope
final test report needs to be stamped by a |
Cali fornia.
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There are maagdandsstoytest air | eakage of ma:
buildings. The Statewide CASE Team proposes t
bl ower door fan assembl-poarchegeessrah Dastyli
E3158 references AISdM EWt7 9prasviademetaddi ti onal

2. EBompliance and Enforcement
When developing this (GASH oTseaal ms i tdheer eSit anteet whioddes
streamline the compliance and enforcement pro

mar ket actors whadad her epriocweslsvedull d Bhi mi tigate
sectdiessncr i btesommplwy with the propgdsed swo de schra
compliance ver iApipceantdbiox@sEpmos elsew the proposed
i mpact various mar ket actors.

Thactivities that nepdaetbhecpupjdotiageredebcr
1T Design :Phaseg the dedieghgphasva@lmophea desig

complies with the continuous air barrier r
appropriate mat erTihaalrsc howp eatsdsnesmd Iti ems .t h t he
mechanical engineer andrmneegtyheodeheértion
and as a lroecsadglfitotnthiee ai r b a(rrre perre sbeonutnedda riine sp |
sect.iome)tails for cowmpuhb e adeweltamends ittd oearss u
continuity of the air barrierl nbeatdvda an odi, f f
mat erial and system pewofubrdmeaersd eadd dediefdi cat
documednt the in the envelope Nonresidenti al
(NRCC) for-BEPlNYE)NRGQGC i f the performance path i
woul dloctes ment eel NRR® 1Al | air barsafert teompon
buil ding envel ope assembly would be clear/|

construction document .

T Permit ApplicAd ipar tPhafs e merdgy code submitt

dr awiwogdbed submitted with the I ineinf the a
both plan and section, as well as a calcul
to be used in the whole buiThe ngl an ranaeakmc
code submittal would include how the proje
testoirnyer irfeigaa trieonvhtod e( ib.ua .l di ng air | eakaf
sectiaomall e®ksageag, or verification).

T Constructi:®nrPhgséhe construction phase, b
and design team would i mpl eameintty qcucantirtoyl as
procedures to ensure that ipnathdlel ateisomni s
team and install ati omncadrhteriactmert hwaultd dcear

air barrief i weéroibfeiid altiingn loeakagkdt)eebteiffoirceat i
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constructildnulsegignds he fiel dheephftitgaenont g
t haebutdmpl ete theoubeiifdenta bsncelde dainlde f or

i nspections dur imhga#wdeb e oenssttarbulcitsihoend bef or e
verification Mmhéetplhiomdy wod umlmieltve ompl etaei on o
air barrier throughoast tbbhbedohetdrbgttbae gaéa
contrbh€oordianpaptreodp r i at erlryi,ert hfei ealidr vbear i f i c a

cause mini mal di sruption to theucomgtntihet i
who-bei l ding | eakage test approach, the ins
or ltdakagend ewlde |l dnder donxt i akbedaui ledi ng
the test. Being awamwe utl datnatkes o mmogaeest ¢t  ocC
accountable for.quality installation

|l nspecti ohhééhastual execution of therwhole
field vewmiubecammteme i n t hitd ippadateye.i by a
Testwonugbe performed in accoedancedwsthandbaed

Buil dings u#fdaferc dmd iOtowm ufteel tae sstaed according
RESNET/ ANSI 380 %2h,do@woafbtet eosvteerd by a sectic
approblten.t est imaguvadyrekncwi t h the construction

the test boundaeedad equi pment setdup | ocat
stratteagicedsloltnctquant i tati ve antdhtepwsdl.i tTahtei v e
constructwmowt doeradn nate preparing the buil di

intentional enivfelbtupa dorgognianglsi.eve a | eakage
0.4 édm/lfess, the instaildantiohy comdirlaedlor]| e
requiredpatrheg woiut d cormplidtde ntghd evalkamlgee t es
verify twe |lexskibgéd/nf t

Thehipradetnyt i t y t hdeti tchoemp |tehiee Iwlh onlge | eakage t ¢
the field verification wofuild & owdprdirefinied dataitncer

documedntte air barrier compliesfwihb twhel eo
buil ding Iweaprageu ¢ dswohdntobtohdee nal air | eak
rate per square foot of envelope area, and

air | eak.ddhe spwhaounismic| udeof dekcdsmenthatdhat | eak
been seal ed 1 &itkhhed ibruiitlidalngl eakage test.

Cuent requirements allow builders to comply w
requirement wusing one ofsetlhercetei oanp,p raosascennebsl:y nsae
who-bei l ding | eakage testing. Al three option

verificastsHowepeocedocument-Aui odioffy teakwhel ¢e
appr oadcehf iicsi ent. The Statewide CASE Team has p
i mprove the compliance verification process.
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The steps outlined in the ADesagerotgpdcAPebmst
practices for clarityhefreoamm&€udddt ronc tpiucmpd sl

steps are guidelines that are already consi de
Whi | e itelfdrdae aa ni nfgo rc uardedgeudi r e me n b p psst eeltipes

design, construct, and perform quality assura
practice. The gtroeaamelsitarccelllieensgei n t he executi

whiichh already an option to compalyt wowdhexi sti
frequently usAd bagiCahi mgroi acopl esmeoiut at if ;rc e

chall engestrhiengb Uiolrel$s nighgsti ng agencies and bl o
manufactures have provided traimermeg droe ctoendtriar
agencies with offices in California that alreas
| arge commer ¢cThe Buat dwnde CASERDIH aanmm ds pMokrer iwsio
Hershfield of fiiamé&etirmn@altihfeasAsBuiAdAe d t he St at ew
CASE Ttlhamtywohéd provide training and devefrop

California ifRehabtwasi déoirmed. the Statewi de

training for | arge55Gcmdre SpbarctdmMBHRAEs $ECC, a
Wa ki ngwiolnl be redquwididnggwhela&kbget sesdi ngmp up
and field verifwiiddt iben hagpmpemiilnigt itehgy oughout t h
California.

From a code enfor cementnots tpaonsdep oai nstu,b stthainst isahl o ubl
of filcecadwmsosepl i ance can be demosnyshircah edlo omi mehn tt e
compliance with test methods and data from th
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3.Mar ket Analysi s

3. Mar ket Structur e

The St aCASE deeamf or med a mar ket analysis with
current technology availability, current prod
considered how the proposed standard may i mpa
individual md rokr anta td othorwsa.s Ilgat hered about the
complying with the proposed measur e. Esti mat e
applicability were identifiaedatklerhoudgltrrses aarnd a
utility program statfdf,f Enemdyya Cwimdne srsarmqe sof i
addition to conducting per sOASE i Edeiasmocowst sreeda cthh, €
current mar ket structure and potenti al mar ket
me e tsitrhgat t he CRAtSEt eTeiatbeNov e mber 5, 2019, and A
2020.

Air barrier materials, roofing/waterproofing
typically used on commercdaebirmivlidiemegsntasl read
Manuf acaatrieves i ninhiCalimdlwkklepant , Gr ace, Dows i |
Soprema, American Hydrotech, and Kawneer

Aitri ght assembl iaegskedaerd miateai biyndpui |l ding desi gr
then coordinated and instakthesdibly nga raeneermrasl. c
Specification requirements dictate r,eagwhior emen
are a@futaémyi ede air barnihemsmdmwefsacturers

3.2echni cal Mea a gAevhaiilliaebpd iGwr rent Pract i

3.2C0lrrent Practices

In recent bdiedadegyg, codes haveéoremgeitr ear dior maarce
st andanrttdse buil ding industry has i mproved its
(ssSectd.acimdablZ or mor.e Dedgiagners are paying mo
the design and continuity of the naierl olpaerri er

consultants. General Contractors are now mor e
coordination and installation, and project te
engi neenevre.l ope construction materiand -ggauseth as ¢
comete are rated asanadirre buasrerdi eerv etma twehreina ltsher e
explicit air basgrsemerkyiulidiemgsyial Ceadpt me&d
the materials or assembliinesSeocft inbant elrdiOa.l3s( ar)e9q u
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Appropriate material andmas$segmbrpnsekeani enfa

barrier; proper instal |bautiilodni nigs |ceraiktaigcea |t easst iwn
effective way to confirmttemaeleair barrier is w
3.2T2chnkFeasibility

This propovaduvavesiil gni fi coduti dlasmigge &o0d constr
practStcaekse hakdersearchers have fooodrantd ¢ ommg
mat erciaanl smeet theandhei biegegaisy icrhmpmgwead, ooor di
oversight, and education on( RDip rBwiilndgi nogu i3 cdii enr
201.%urr emittllye Padketqueb mielsdi ngs i n Climate Zones
havae conti nuniuBx@mamdibmg the continuous air bar

additional wobumedt er eguie®e tmaatkreitc b tn niorvsatta lolne d
correctly, contcianmeceus tahier?Whail reifdodsf t diimg tl eak a
without eaddifioatal orContto ade alpgnsabpudtdal | i ng al
barriers in accordanostwiltitRlt mamuieaci ads®mgd®® ns
|l eakage rates orAdfdiienlgd tvheer il feiackaatdieo cvae si fochor f i e
makienstal |l ati ono raeoma u Aftcariblges qual ity wor kmanshi

The experience of otheaisitaggesonndachbes thbap
testdiaamdd ng testiagc agshretcoaae qwiatt ke o e g dceapnmme nt ¢
be dWMaeshi nsgadopted this requiremefiounmndetrhat d
industry swarwe hododl chgt ¢ @i makg accessible to con
agencSiensce the requirement f or whhaosl ebebeuni | di ng
i mpl ementetdramol hgpheagp drutsu mietsises have become
the industry. Consulting fir msntahned rt edsetpianrg mnmeegn
by either training staff membeDessiogrnebrys hainrdi ng
contractormthawme earipshaasi s on air barriengdesig
envel ope quality control personnel invol ved o

3. 2WBol ei IBwi ng Leakage Test Procedures

The Statewide CASE TASHTM &€3/@mE&peasitrhgant PASITM E 7
the standard used for whodgplbiucdlliegt@aial Il ekl
buil di AGTM IES1&8 extensi on whfitcAhS&&8d EFM 9t he
current prescriptive reguamememdwi d&Eecitmpaoar tlar
additional aco mpomaind e
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Tab#e Difference Between ASTM E3158 and ASTM E
ASTM ETY9 ASTM E3B5§ as
recommended i n
Language)
Summary o Multipoint regr Multipoint reg
Met hod
Procedur e T Test pressur T Test pressu
range from 1 di fferenti a
T Does pmwtvi de 10 to 100 P
test prepara T Provides de
instructions preparation
T Collect mini instruction
data points T Coll ect mi n
i ncrements o approx. equ
data points
Data Anal Test i s i nvalid M Test i s inv
and Calcuexponent (n) is pressure ex
greater than 1 is |l ess tha
greater tha
T R2 must be
than 0. 98
Ot her Provimbe® i nformProvides more
detailed procedand detailed p
calcul ation and mutlztoine testi ng
data using mult cepressurizatic
The Statewide CASE alteamuidledierrgms nweidt?2mhl ess t har
conditioned space could be tested according t
|l eakage tesitsagresi dewt i al bui ITdiing s ,s RBESENETX/I
threshold in Titlaer t2y4 ,d eFsargtn 6r efvoirew hainrdd fpor t h
of building Eommiaspgewi 8l 0 0odrngwofr econdi ti oned
fl ooraaseati onal test{pmevikecdabppsbhbad®bBby 1ASRHA

20)®oubdaseidh accordancxlwdth ASTM

3.2Bd4il ding Pressurization and Infiltration
Proper pressurization is difficult to maintai
the mechanical (dmtainlea 2R ®KL g a yMihnenness wihrear e
temperature differences between outdoor air a
many parts ioffounmd itflbpatnifaew commer ci al buil di nc¢
contr ol based on weather condi tproemss wamidz @ ch att h ¢

recommended

dur i fi@dowmarcm amala tQue mnel | 2016)
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Researchers have fopnds$ tartaznaghee oosft abn.doa rtdo 15. O
reduces the effects of infiltrageonanbuoaushaht
buil dingbs air change rate to be elevated. Th
i mpact and i mproves mechdmBiecaglui sys.t et @alrs RO
hel ps designers prcdhpeirilcyal siszyes ttelmsse me

3. 2Approachadrteeasi ng Air Barriers that Do Not

Aspart of the proposed coddeot amgetgehebuatgdgeng
raweubed subject to aemeds pe&lcheeswenud adn danv ol ve

t horough rroenviaecwe esof bbeaval eps adsisaegmmbolsiteisc t est |
eval ulasimolke tracer test orandfseanédngmagseogns
t he airmanlardriuesrt meretr dnfve | ope ¢temfcchneans door s o
vente)i mprove the compression of seals

Financgiaadmdndustry advenmemenmttiwagulfcdictigrtshd hlad
parties to the table to help construction and
requirAmesWashi nghene building | eakage test i s
provi ded t hter anierciersgs aarnyplr cagr aimg | tatTiheeont ract or s
Statewide CASE Team believes that this trend
proposal

3. 2APppl i caddri |Adidyi tfi ons and Al terations

It is technically feasible and cost effective
some modifications, to obesv.h additioms, atnlde a& d
of the buibledirrnegguwoweldd i aor rhiaevre. alhheiadded air b
need to be verified with one of the two optio
the | eakage test option, only the added porti
undergo | eakage testdfngt.herlhbeuialddierdg poaulid nbe s
existing portion of the buiddiimg tbhed tox@amelosnal u

met hod that is provided as afnSeatifioantf ors bui |
possi bbel abe and/tgeotupisnadifvizemals i n accordanc
described in ASHRAE Protocol for Field Testin
Leakage ®R&BtbeBahnfl et h, Yuill and Lee 1999)

For alterations, the Statewide CASE Team is r
Wheabui | @nwegl ope component i s al tmeereetdat mtehe alt

bar maerri al or asseOomlsyi srteeqqui rwe mehntt he definit
envel opietol @ n2,4et WRartb&rrier woul dexhtee rrieoqgu iarnedd
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demi piamg i ti ons that enciAessdi sondseibohadBepace

report, the incremental miorsitmalf @ardt ingulaar lay rc
altered envelope mosmpopkewnt emaarhd ceethedgyyi r ¢ ment s
limit air | edak@QdgBei ai Sebaroners wouuslidngneaed t o

|l eakage test orwhveins usall pienrscpeenctt iooorn mor e of 't he
al tered.

The recommended rnaguitn emesntasndf ad terations are
requirements in nat iPASHRAEN090e.l1 rcamideislr. E@@ith b ar
wi verification for all additions and whenever
al t ewietde r texxicrept i PASSHRAE and | ECC requirements
meaning they cannot bestgadedemgatsswhenhesin
performance approach.

3. Market I mpacts and &mtonromi c Assessm

3.3l impact on Buil ders

Buil ders of residential ameéctcodoymme mpiaaglt eslt byc tm
measures proposed by the Statewide CASEs Twhamh
t he nor mal practicesdplusthébei budbuneésdsseg poaa
buil ding codes. When necceosnsta rnyu,i nbgu ieldduecrast i eormng aa
in order to remain complpiract i wietsh aolabges$ di og

Californiads construction industry is compris
and 860,000 emabbyYéeas 2048¢ t ot al payroll was
17,000 establishments and 344,000 employees f

UTitle 24, Part 6 includes the following detfémiidr on, @
and demising partitions of a building that enclose coni
2Average tot al mont hly empl oyment in California in 201

represented 4.5 percent of 2018 empl oyment .
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Tabb@ailf ornia Construction I ndustry, Establ i sh
Payrol |l

Construction Sect(Establis Empl oyr Annu

Payr

(®il)
Commerci al 17, 2 343, $27
Commerci al Buil di | 4,5 75, E $6.
FoundaStiroumc,t ur e, & 2,1 53, E $3.
Exterior
Building Equi pment 6, 0 128, $10
Building Finishini 4,5 85, ¢ $6.
Sour(cstate of California, Empl oyment Devel opment Depart
Thproposedstcoheachgeee i woull ik ealt y oanfmfee cti al Dhel der

effects on the commevowihakt bei Féinhgbyndlustfyrm
but rwaotuhbeekr concentrated i n spédabbsbowsdubeéery s
commer ci al bui ltdhiendtadlrwe dtexPpstS&E bHeammpact ed
the changes propcCheckficrpntthriaxctroepsbethlaai Ifdicug o
envelamm@e r bwaoruliderbe I mpacted By ateiws depr €CASEa l

Teamdbs estimates of the magnitude3o0offi these im
Tab6:e Specific Subsectors of the California Co
| mpacted by Proposed Change to Code/ Standard
Construction Subse Establis Employn Annu
Payr
(i)
Commerci al Buil din 4,5 75, 5 $7 .
Nonresidenti al str
contractors 31 12,0 $ 0.
Nonresidential Fr a 14 3,9 $0.
Nonresidential Mas 25. 5,1 $ @B.
Nonresidenti al gl a 28| 5, 2 $0.
contractors
Nonresidenti al Roo 34 8, 9 $0.
Nonresidential Sid 25 39 $ OL.

Ot her Nonresi dent.

contractors 27 2,8 $ @.
Nonresidenti al Dry 62! 22,7 $1.
Sour(c®ttate of California, Empl oyment Devel opment Depart
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3.3l lhpact on Bui |l daindg EMeesriggyneCrosnsul t ant s
Adjusting design practices to comply with cha

the nor mal p riancgt idceessi gonfe rbsu.i IBdui | dTiintgl ec o2)de,s Hairn
are typically wppdhataeckvarsiant lcryed e and buil din
consul tants engage i n continuing education an
with chaegegnt ractices. and building codes

Businesses that focus on residential, commerc

design are contained within Nohda hArAareirti eecatnu rl anld

Classifica%4bdT@phsklhearws t he number of establ i s
empl oymadttotal annual payroll fdheBpirlogiosgdA
code c hfaonrgetshe 20 2wWo wpoodteeadtyf oyl @ mpact al |l fir ms
Architectural. Ther Bit@ae £ ws elet €CrA S Et hTee aimmhipaancttisc i p a
this measufrier m® @l &t afroecsu sdoepnsttiraulc t i on.

There is not a North American SfFdaoadergp€tasdstc
for energy consultants. I nstead, businesses t
energy efficiency are contained in the Buil di
541350), which is comprised ofi cfalr msnsppe cntairan
residential and no*ilrtesiisdennotti aplo sbsuiiblidei ntgos .det er

establishments within the Buil dierdgn |enrseregy i on
efficiencyh@€omnsat@ilor i magTam7psrhoovwnd eisn an upper bol
indication of the size of this sector in Cali.

BNAI CS is the stederaald sutsaetdi sbtyi cFal agencies in classify

the purpose of collecting, analyzing, and publishing s
NAI CS was development jointly by theilt®Re HEELCPLCHI, c SClaa:
Canada, and Mexico's Instituto Nacional de Estadistica
comparability in business stati stNAIsCSa moenpg atcheed Nohret hStAa
Il ndustri al Cl ayssstidm ciat i o9 1.S1 C) s

“Establi shméehts s eatsdrneismscelsu dea i mawa ll wa teinngga gee db uinl di ng o
and component systems and includes energy efficiency i
services. This sector does not include establishments |
pests, hazardobhsrwasvesoomeaoanadoednittami malt ede state an:

government entities that focmupl|l ioaandel/i ¢ dfi mrgc ®eme reth eo fg yb (i
regul ations.
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TabV:e Cali fornia Building Designer and Energy

Sector Establis Empl oynAnnual F

il I$i)
Architectutal 3,7 29, 6 $2
Building I nspfeiq 8 2. 3,1 $0 .
Sour(c®tate of California, Employment Devel opment Depart

a. Architectural Services (NA3E€St ®d 18dt0gbliciosnpme stes Pri m
in planning and designing residential, institutional
structures;

b.Building Inspecti
engaged in provid
aspects of the bu
services.

n Sceornvpirci esse s aNoAtl idGrsa tbeAtlaBlbl0i) s hment s p
ng building (residenti al & nonresi
I d

o]
i
i ing structure and component syst

3.3Impact on Occupational Safety and Heal th

The proposed code change does not alter any e
regul ations pertaining to safety and healt h,

Division of OccupationaHA)SafAaltly aexids tHiemd t lne 4 ICt
rulwosut dmain in place. Complying with the prop
anticipated to have adverse iIimpacts on the sa
involved with the constructi omnf, tcloenmb wisli dinnagq.g

For healthctheeptrapiokiedi e®de changes would app
addi tioohy t he adidbeudt pnaortt ittoi oanl t er at i ons.

3.3l mpact on Building Owners and Occupants
Commerci al Buil dings

The commercisalctbuwuil dichgdes a wide array of bu
restaurants and | odwd exge s traellaiid h meamtds mi akredd war
(including (rkKefnmiegye ”2BDMe&Odgyy use by occupants of
buil dings also varies considerably with el ect
cooling and conditioning, and refrigeration.
water and for spacei mfearnt matgi. oM Acrgwb Idii nlged oi n t
Energy Efficiency Action Plan, there is more
fl oor space in California and consumes 19 per
useKenney. 2M0hle9 )di versity of building and busin
creates a challenge for disseminating infor ma
solutions, as does the variability in sophist

rel ati onsehn pbsuibleddiwveg owners and occupants.

2Q2ZTitl e 2F) nGBASH FReip2cr2NRENV-E|[3 6



Building owner ssoabdnetcupénom | ower energy bi

Sect3.ofn. Whengbwoickcdipants save on energy bills,
el sewhere in the economy thereby creating job
economy. The Statewide CASBPBrToeaomedo e dreo tc haxng
i mpact buil di ng oawnveerrss eodlry.occupants

3.3 mpacBubhding CRepan(het s dMamag f ac tanrder s

Di striputors
The Statewide CASE Team does not expect wides
technol ogy mar ket s3. 8s 4met @d cihm o3 eoatiiecsn t hat n
proposeeqdui rements are mature and only a portio
due to the respective capacity threshol ds.

3. 31 mMpacBuiolndihssgect or s

Tab8shows empl oyment and payroll information f
agencies in which many inspectors of resident
empl oyed. Buil di ng iinnscpoencttionrusi npga rttriaciinpiantge t o s
aspects of building regul ati &dnsa,t eiwn adllea &MiBSE e n
therefore, anticipatwouhtdve moop mpeadtclangenpl o
building inspectorrsoloe ddredwsactoipreg odndrhgey ref f i ¢
Tab8e Empl oyment in California State and Gover
l nspectors
Sector Govt Establis Empl oynAnnual F
(mi | 1$)
Admi ni stratStat 17 2 8 $29
HousingaMsCLoca 36 2,8 $205
Urban and FStat 35 55 $48
Devel opmefhtLoca 52 2, 4 $186
Sour(c®tate of California, Empl oyment Devel opment Depart

a. Admi ni stHau siomg oPr ograms (NAICS 925110) comprises go
primarily engaged in the administration and planning
and standards, housing authorities, and housing prog

b.Ur maand Rur al Devel opment Administration (NAICS 9251
establishments primarily engaged in the administrat:i
and rural areas. Included in this indusns.y are gover
|l mpact on Statewide Empl oyment

As described. i3tnhrISewcgh othts8 . 8t at ewi de CASE Team
anticipate significant employment or financi a
California economy. Thi s di € hawoiguehtdat shaay et hneotd ets
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i mpacts on employment 3i.Mh€alSt hoewi de CASEeden
esti mattehse tphraotp o svealu &cthfaencgte st at ewi de empl oy men
out put directly and indirectly through its im
consul tants, and buil diitreg tsiimhkapecéenesgy |l savdddg
associated wi tchatnlye spirnsmtpraislewdt ead wWwoumddest o0ng
financial savings for California residents, w
economicsactivitie

3.3l mpact on Statewide Empl oyment

As descri bed. i3tnhrS&cdgdh.dnltse St at ewi de CASE Team
anticipate significant empl oymendctoor fofnathltce a
California economy. This i s nwotuihtdo shaay et hreotd ets

i mpacts on employment i nn h®alSitfadreni ad.e ICnPA SEe clteia
estidtantee proposeRedcbhaandel nfnidftract ont avtoerwidd e
empoyment and economic output directly and in

designers and energy consul tant st,heanSdt abtueiwiddien
CASE Tesatmi ddiadvw ener gy savings associated with

Reduded i IWauwltd olnead t o modest ongoing financi .
residents, which woudtdh arh eenc doreo mivca i d catbil vei tfyo.r

3. £conomic | mpacts

For the 2022 code cycle, the Statewide CASE T
al ong owmomi @eci nformation from published sourc:
devel op estimates of the economic I mpacts ass
chanéewbile this is the first code cycle in wh
devel ops dsteicoantoenss co i mpacts using | MPLAN, it

economic impacts developed for this report ar
and to some extent speculative informati on. I
relati veleyrsismemlteati on of the California econo
CASE Team is confident that direction and app
economic i mpacts are reasonable, it is iIimport
is a simpexfremeéeipgpncompl ex actions and intera
businesses, and atshdrhegr gearmsipoatdi drmos changes in
codes. Il n all aspect of this economic anal ysi

B MPLAN (I mpact Analysis f orouPtlpaudteimmog 5 @ daotf eb wiehsee i s an |
econoenfifcects of proposed MPOLIAN iiess tahned nporsotj eccotmsmonl|l y us e
i mpact model dueanhdxtessewsedefaubed information on ou
i nformation.
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assumptions rkeeglayr deicnogn otnmhiec Ibienef i ts associat ed
change. By following this approach, the State
i mpacts presented below represent | ower bound
associated with thge.proposed code chan

Adoptitcdhn sofcodeprepaagkesult in relatively mode
i mpacts through the adtdhbsenah tdheecommpendah
i ndustarychi tects, energy consudhta®tat eavndeb CAIS
Team dwds anticipate that money saved by c¢comme
organizations affected by the pooapeseaedt20d2 c
additi odanhgspbg those businesses.

Tab®9e Esti mated | mpact that Adoption of the Pr

the California Commerci al Construction Sector
Type of Econol Empl oyr LabiTot al Qutp
G ob | nco Addde ($ mi
(% mi (% mi
Tot al Economi 27 $1 7. $2 5. $4 3.
Direct Effect: 16 $197 $1 4. $2 4 .

spending by Ci

Buil der s)

|l ndirect Eff e 36 $26.2 $4 . 1 $8 . (
spending by f|

supporting Col

Buil der s)

|l nduced EfTf ecHt 7 2 $4 . ( $7 . ¢ $187

empl oyees of

experiencing |

Aindirecto ef:

Source: Analysis by Evergreen Economics of data from t|
3.4Clteation or Elimination of Jobs

The Statewide CASGE daepbmcidmpedseuptrédcaptof sbendet h e
2022 codreegcuylorldeiloehad t o t he ¢typafsijonbformetwhe

el i mi nexi styymdgs of j obs. | newitdhee rC ANDOE dTse a nidhse
proposedwobhdgeresult in economic disruption
economy. Rather, the estimates of ewowmldi c i m
|l ead to modest changes in employment of exist
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3.4CPeation or ElI'i mination of Businesses in C
As stated in Section 3.4.1, the Swauwifeavii de CAS

result in economic disruption to any sector o
change represtotaia bhanger i nswhilwawahatn and
excessively burtdghnhsadveompgei Cavemhowamlidt busin
necessarily |l ead to a competitive advaetage f

Statewide CASEBEofTebmmrdses any new busimBesses b
t ht at ewi de QGANSErkTeaanny exi wtoiubhg kels mhesees due
pr op ocsoeddeh arsg e

3.4C8mpetitive Advantages or Disadvantages fo

Thpr opocsoedde ¢ hwaonugleds apply to all busi nesses in
regardless of wheithmeor pihmaibde i nre scuaitde de of tt
Ther ef otrree Statewi denGASEBNnTeé @aihpaddpeselhsedes

wouhave an adverse effect on the competitiven:
Li kewise, the Statewide CASE Team does not an
Caflorni a would be advantaged or disadvantaged.

3.4l Acrease or Decrease of l nvest ments in the

The Statewi deanGASYEz eTdeannat i onal data on corpora
invest ment by businesses that @éxtpanas andét r pdis\
domestic invesYmsmtbl Gohro wsRDMb)e.ma BB 1R 0 NPDI as

a percentage of corporate prafiitths amamlyled afgreo m

percent. While only an approximaomenusédther pl
capital itnhvee sStreetnetwi ddeChs8Eepeami des a reasons:
estimate of the proportion of proprietor inco
owners into expanding their capital stock.

6Gov. Cddead36A&A)(1)(C), 11346.3(a)(2); 1 CCR A 2003(a)(3
di sadvantabethbhudpirmeCcsses currently doing business in the

”"Net private doniesshtel ct oitnavlé savneosuinme wHE pi t al by the busine
is used to expand rtalbteéneadapgihtaanl maticmakai n oQGo rrpeoprl aaticee pdrucef itt
t he moneefytad erfgorpatyisonts expenses.

2Q2ZTitl e 2F) nGBASH FReipRcOr2NRENV-E|[4 0



Tabl@Net Do mersitvlatweest ment and Corporate Profi

Year Net Domesti CorporateRatio of N
l nvest ment by After ° l nvestm
Billions Billions Corporate
2015 $6 0 9 $1, 74 359
2016 $4 5 . $1, 73 269
2017 $509 $1, 84 289
2018 $6 1 8 $1, 84 349
2019 $5 89 $1, 82 329
5-Year Av 319

Sour(ckederal Reserve Economic Data n.d.)

The Statewide CASE Team does not anticipate t
withprntdposed wrewlsebarde t o shgnpéi Cantrease or de

investment in any directly or indirectly affe
Neveerltehss, the Statewide CASE Team is able to
change in investment by California businesses

| ncome esitlTiarha taebdo vien by 31 percent .

3.4Ebfects on the State Gener adndulhadcalSt ate S
Governments

The Statewi dedeCAASE @rpect the proposed code ¢

measurabl e i mpact on the Calei sprri ads fQamdesr, alo

government funds.

3.4.5.1 Cost of Enforcement

Cost to the State

State government already has budget for code

compliance enforcement woWhidl al sobatae¢ei ggversoenmn
update thkRamMpttédreda@id4ds, including updating educ
materials and responding rteqquesemeons, abbet et
are already covered by existing state budgets

when compawmeeértadl ttke@ests savings and policy be
code changeThbreoppsapsesal may 1 ncrease costs t
such as | arge offices4d bul asbsmebawhfest Beetico

Cost to Local Governments

Alplroposed codd@ithengds Part 6 would result in
determinati ons. Local t@obeudanindeinntgs dweomahrdtt fmesnetd S
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revised Ti tSteanadda,r dBar tWhi i i Bsran expense t

governments, it is not a2ZWhzwdeoshaageociyal ed
building code is updatkedcah goverement$s phans.
retraining every time the code is updated. Th
|l ocal governments to support compliance train
retraining, includingesopteyi H®8adbgxngdarmdd res

Standards (puecdr am EnerAy CotdedAz.eBnd@mppendi x

E, the Statewide CASE Team consi deni gtthowmptale
various mar ket actors invol vedprimcdshse amdnpdii me
to minimize neglaotciavle g onvpearcntnse notns .

3.41 mpacts on Specific Persons

Whil e the obj ecStiavtee woifd ea nCyA SoEf Ttehaerh@®s pproaod xa le |
efficiendy,e tploearesmtiical that a proposed update
result in unintemdedStahswgdenCASE Team does
woubée negative I mpacts towards one any speci f
change proposal
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4 Energyi 8gs

N

Key Assunfpari othmser gy Savings Anal ysi s

. 1.Ti me Dependent Valuation Factors

he energy and cost analysis presented in thi
nsistent with the TDV factors presented dur
2Mo0r kshop on compliance metrics (California
ectricity TDV factors include the 15 percen
ctors include the i mpact of methane | eakage
ctodsi msehe energy savings analyses were ob
vironment al Economics, Il nc. (E3), the contr
ctors for the Energy Commi ssion, hb5 apastpr ea
tail Adjvé&GcdeéedCbygt &. xl sxo0. The natural gas
ergy savings analyses were obtained from E3
022 _TDV_Policy_Compliant CH4Leak_ FlatRtl Add
emand factors used iIinitsheeererody as awidndg s oann &
preadsheet titled 2022 TDV Demand Factors. X
nergy Commi ssion rel eapwedr il dluanle WaOr2Mi nug ep @t
GWP) wvalues inpdedaradGWP Vdleudd O0tehraitv ewetrhee ucsuerdr
DV factoryearTlGaVNP2 ¥ al ues i ncreased the TDV f a
he TDV energy savings presented in this repo
xpected if the tyienaarl GWPV vtahl aute su sweea 2 uise.d T hme
roposed code changes wil|l be more cost effec
avings presented in kWh and therms are not a

NS 69 59 9 — OO0

WT O~ A4—~mMmuam®oxy—"MmM—>"0ONO o N

4. 1.12eakage Rate Assumptions

Tabl®resents the | aakagetloeathhees pirhoapposed code ¢
This table presents the | eakage values that t
the energy savings oposed ateevd swiotnts ttlhoe tphre i nf
requirements for nonresidenti al buil ding for

recommendations on the infiltration rates to
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Table ®Remmended Leakage Rates for 2022 CASE Analysi s
# |Scenari o Recommended|Energy Modeling for Opt itoon
I nfiltrattda odProposal s Sel ect
used i n Comj Compl i a
Software Softwar
(cfdtf t75Pa;
infiltrati ol
sides)
A [Nocont i nantaursr i |1. 1 Use for basel iChemabdbr Opt ilon
ZonesLD,1 which represe
compliance with 2019
B|Cont i mulaugiineor0. 7 Use f ore bacsmrdiiGhiiomast efOpt i on
field verific Zones-180 which repres;d
building | eak compliance with 2019
C|Conti mumugii erf0. 5 N/ Aoused for energy Option
fi eved i f i/ d atsipe anal ysis.
D|Conti reumau gii er0. 4 Use as proposed cond|Standar
whoilbeai lldakgge zones. Thtike i St avtheawi [Desi gn
test,dred auletdi t Teamréesommending as
pr estcirviep pat hway, whi
ASHRAE -D01 4, | ECC, a
Washington State cod
E|[Conti mumugii erfTested resulN/ Aot nused for ener g|Optidon
whoilbaei lldakgge anal ysi s.
test,i ngctual r
2Q2ZTitl e 28] nGBASE RReilADr2NRENV-E |4 4




The Statewide CASE Team developed the recomme
Tabl®»®ased primarily on information presented
Engineering Ltd (RDH) @ROHBBuiddingg SEngnoceet n
Building Science @ormds ulhtei g 114nc.e p2o0L5)f rom t he
Standards and Te(cehmnmelroigeyh (aNldSTPEhesi Styak@Wwdide C
Team al so discussed potenti ahelecsalkagbherat é rasm
RDH and NI ST. Experts from both RDH and NI ST
are reasonable. See below for a discussion an
rate scenari os.

't i s al so itmpalhdeavmtl utath emegbb&sect i memed £ akfage
testiinn@ddi ti onmattoe raiiarl braagrbieseme mtes i nf i |l trati
cf mMAtt 7TwaPausatibrafrari er materi al IrEQCRi.r eHmant, s el
al. 205 NYSERDAERDA. 20he) Statewide CASE Team
thinks that even though sofe | b kielldi masei mi Cl ib
infiltration?irsatceo nosferlv.alt icvfem/efmtamnigdt t onswacicount
airtightness.

Scenario A: No Continuous Air Barrier

When & hiexr no continuous air barrier, the State
abasel eankage rat éaftdIPatlhrlowcgm/tfhe enti rTeh sbui | di
i based hadeaet a pleisctr s bed 1.8, oilv. Of MA 7P a

Thersfilat a gpgomends RDOHm nStthey rof Part 3 Buiolmdi ng
buil dings built beFiobg®&,r @0ds0t. bAusi Ischiormgns icnonst r u
200h0avaen air tightness beatfvie& nor2 letdwden LO s4 ma
cf MafftsPa t hr ough sfiixr ssti ddeast. aniTyghaeii bmett W ésbh & shee

t wo va&RIDHeg.esearchers suggested that buildings
be he beptesentation of buildings where no cod
these buildings had no continuous lai relbeartreide rt
install a continuous air barrier and have | ea

after 2000 were tymgiodal Ipy ogurasnsi ndghaabawar ded
ti ghtotelses,desi gn team was tryitnegs tt od ensaikgen bsutirla
or the building was actually tested for compl
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20

s Sample of 65 Buildings b

16 Considered builc.

2000 for Ano ain

|
I
I
1
I
I
1
— :
& 14 i
2 i
™~ 12
® - i
~ 10 e 1
£ e i
7] L 1
I ° i
a 6 l. 1
] % I
E Y [ ] I.
s 4 o ! .
1] [ ] 1 1 *
- [ ] |.
= 2 L] e !
< i ool
g
1

1
1875 1885 1895 1905 1915 1925 1935 1945 1955 1965 1975 1985 1995 2005 2015
Construction of Building [Year]

Fi gur eAi

rti
construct.i

ghtness of commerciwéabuofl di ngs ve
on

Sour(cRDH Buil ding Science I nc. 2015)

The second, dat @a@idmattcomachef MAOBBhi s i s the
mean airtightnesa dhbhbaelfbnelgd ad &tslacdf ody 6 t 9

Resear chleST asuggested the data set called fAall
of buildings that do not have air barriers th
data set. Although the fAall aotl dh advaet aadi ri nbcal rurdiee
| arger portion of the older data iIis from buil
the buildings from this older data set do hav
represent air tightnresksarrfi érmui | dings with no
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Tabl2 Summary of Buil di nig-siAded i ght3Rathg mDat a

Dat aset Qt vy Me a n Std DeMin Ma x
Efficienc36 6. 4 10. 3 0.7 32. 3
Ver mont

ASHRAE RF16 5.3 3.7 1.0 13.6
1478

Washingtcl8 7. 2 2.8 2.0 11. 6
Ot her VTI/79 9. 8 7.3 0.9 31.5
Ot her 10 5. 4 4.1 1.6 13. 6
Al l new 159 6. 6 5. 4 0.5 32. 3
Al l ol d 228 16. 7 12. 7 1.6 77.9
Al l buil ¢387 13.1 11. 4 0.5 77.9
Sour(cEmmerich and. PE€osvcefymibXtdniu)l t i pl ying by 0.055.

The final datOa(mldsmieh Hhm7 5 ,Pal $oom the NIST repoc
This i s ftohuendvailnhuet he 141 buildings in | ocati on
degrdeasyr egar dl ess of wheitrhebrartrhieerre owa swhaent hae r t
aiming to achieve aThsepseecibfuiicl dchiehagksaogber enaaitee z o n €

which makesappéidabl e to California.

Taking these datapoints into consideration, t
recommenidanbgasheel eakage rate for buildings with
shoul d be?alff.51 Pcaf.m/ f t

For reference, the Energy Commi ssiom/ Jatsed a b
75 When proposing air barriaecCliegquiedl@oédmwts 100
the 2013 code cycle. This number was based on

envel ope subcommittee used when evaluating re
(Suyeyas.u T2hoilsl )assbmaptidomnwdest available dat

Scenario B: Continuous Air Barrier, Not Verified (no field verification or whole

building leakage testing).

When & hiex a conti meaqws reelmneetnbthasi rot been verif
field vemiwhbaladlidomgo |l eakage testing, the Stat
recommendsbausseilnegpkaage r at ét lorffowWg v tcHen/dntt i re b
envel ope measulrheds dts fbbarséed. doant aOpdilntand00769
ch/ %atf 5 Pa.

Theirsa pgaint comes fr RDHh88uRDHI agaEwngi seer
Building Science Gowmdsulstedarhgei hhcl tR2a@ibpn rate
buildings tested (samphe b uk etdeddh gi&ndctleubdue | bda tnhg
buildings that are |ikely to be meemresitretdi ght
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to meet perf or masnecael itnagr gaentds bouri ladiirngs t hat ar e
the average builwleirnedebmshipaddtilitgyl eakpniand ne
sealing work.

The second, dadfa(pdpti Wt )aFSEml so comesabforvem t he
RDH r empadrtthasver age infiltrationBratesfthorColh wimlbad
B9gd.The RDH researchers indicated that buil ding
air barriers but there were no air Fligakeaege pe

presents the average airtightness of all Cana
chose the average infiltration rate for BC as
BC is ,gpoveadesi mi |l ar emphasis on building perfor

Sample of 74 buildings

Average = 2.93

British Columbia Prairies Ontario Quebec Atlantic

Average Airtightness (L/sem? @75 Pa)
=

Fi gw@r eAverage airtightness of Canadian buil di |

Sour(cRDH Building Sci Appeated. a20Ebyure 3.30 in report.

The final ®dat6eHARif di/hiffmT7 FPai, s from thenNll STS rep

t hever age measkuwrgelde i 52 buil dings in |l ocations
heatingddggre@dhis data set included al/l buil d
to reduce air |l eakage. Hewewdrn ,ce@ibyvenilneaload e
is likely that many of the buildings in cool e
set also includes buildings that were ai ming
requirements or achipewe r@ailmsdiotugfhonrn hien dNé 1BtTi awe a
evaluate | eakage rates for buildings with and
that included air barriers is more indicative
air barrier is verified.

Foeferen\NeL, used a | eakadenvatl epaif ®alted® cf m/ f t
represent the | eakage rate of buildings that
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requirements with no verification process 1in

i nfiolnt patiscri ptive option proposal for the 20
achieve a verified infil?2ematil opaer @aER] edar t ha
et al. BOwByer, during théoUddieri mepe$Spomgsorf®d m

from PNNL indicated that these buildi?2rg had i
range when testedsaredietdhain Gp®drofomifat e basel.

Scenario C: Continuous Air Barrier Plus Field Verification.

St atdewiCASE Team recommends ahmabiAawheat i on r a
there is a continuous air barrier that is fie
for Scenario B (continuous air barrier with n
air barrier veuitdedgwi ehkawhgel eest). Testing

that fiel dvoueéedrfacatyonmprove buwdwhaotg i nfildt
guarantee performance the same way that a tes
i's consistent with the mean infilTabha®hem rate
excluding buil diigg5ichmW&#&dbhPmgsenare building
attention was paid to the air barrier for eff
not being tested for code compliatncesedhiirs ap
ASHRAE -BD®19, where the air barrier verificatic
infiltratio?atr a’fse tPl@@n6af mhoblt e buil dindgatir in

Pa .

The | eakage rates for builrdifngd wherma gthha aiirs
inspection are expected to perform better tha
as buil dings t hauti 'udn degr d ce avkhaoglee t est i ng.

Scenario D: Continuous Air Barrier Plus Whole-building Leakage Testing i
Standard Default Credit.

The Statewide CASE Team recommendtmattd§g &a i

when there is a cont i nubowisl daiimg blagak eege ptl eusst .a
analysis evaluated air | eakage voef nbaunidladtionrgys aii
eakage testing requirements and target | eaka

I

compl ethed s tWatsdhni mfgt on had a requirement to tes
|l eakage rat éatof7.BeRaeafmhéts fountdi dihthree asy edfag
t

hese buildings is significantly | ower than f
performance is al so( Riigkatftis,anltrhpya ate dafc eldadr ge
Airtight ndeasrlyol®wi)l di ngs met the performance 1
average | eakage of all huhedbdengeguhaémavetr ewas
t hdmpeper formance thegetWats®Whefgt on i ntroduced it
building air | eakaigte waestnontg mamdiatrementto meet

ch/ ¥att 75 Yyet t he Washington buildings in the |
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infiltratiohmbhht @&aoBamedban i nfi lctfrnmbattitorns r at e
Pal s¢#e g@)r.e RDH al so evalwuated buildings that <c
Army Core of Engineers (USACE) requirements t
2012 be tested ratnidg mtcrhe etvrdafatnG.:22®fa t he 260 bui
testosmdy 19 did not meet the performance requi
feasi ble to achieve airtightness performance

Al t hough ther e tihee euwadsehniandg tfornom hat buil di ngs

|l eakage ramag twlght ness target i s established,
feels it is appropriate to use the target val

that would be supportedghyntesdsthedaptrapforsed Wasa
0O.cA4f MAtt 7bsPaonsistent with the current prescil
as well as the mandatory maxi mum pe20niQ teaerdd i n
t he mandatory airCkRaOrl8i.er option in | EC

Summary of Airtightness of Buildings, Research vs Required

10 Maximum off scale at 25 -
- 9 1.8 E
& 8 1.6 m
'@; 7 14 ®
~ &£
E 6 1.2 E
S
-'5'- 5 /ThirdQuartiIe - .g'
g 4 08 2
o Mean - - - « . -
io " ean /Meilva'n”x » 0.6 -En
'5 2 J . — | 04 <
ik First Quartile M e 02
0 Minimum 0.0
Research USACE Washington
(214 Buildings) (260 Buildings) (44 Buildings)
Fi gwBreDistribution of airtightness perfor manc:
purposes, and for compliance with United Stat
Washington state airtightness requirements.
Sour(cRi:ckett s, | mpact of Lar.ge Building Airtightness 2C¢C

Scenario E: Continuous Air Barrier Plus Whole-building Leakage Testing i Actual

Test Result.

The Statewide CASE Team i s proposi ngakagpeer for
t est trheasstulits befaonwd Or.edc ecifvre fcto mpil ntamtecde ics edi t .
encoupagpect teams to achieve a higher | evel
flexibility with.Hohwesvecrompilfi aan cpess oojpetciiomf € & mr a k
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rate bel owato.4amcBadddas nottheomamipil é wavoiath d v a
to be adjusted with the tested value and t he
budget or the building would have to make it

4. Ener gy nYyssv Met hodol ogy

4. 2Efher gy gSawen hodoProagtyomp®gmi | di ng

The Energy Commi ssi on CdAiSrEe cTteaadndteH e t Sitea teenveir dyey
i mpact sspuwescprngtcot ypi enald etlh ari € pdri ebsgeind a | buil ding
geometries tfyopreodfi fbfuBihledniprrgost.ot ype bui l dings t h;
CASE Tesend in the anal ylsabslZEh&8choebs@nt emdr yn

prdtygwasexcl|l ddaeidhe statewane cavi ngfsfectiveness
det er mibreactaiucsmo d dhlaiersg ur t her i .lMhes tRiedati igemr at ed
Warehouse prototype wasreygelraded wacabhoaeises a
covered prolcersesquiarnedment s for refrigerated war
prescriptive envelope .r edpwiervementtdh ed &St radte wa e
recommends exploring adding mandatory air bar
requirements f oaghousfers gier aa efddibwaeg ecodet bgcl et
t he Grporcoetroyt ypfef ectbisteness was compl eTla for a
Grocpeprgt otsy pgelBECC modaihS CEi tMoidel ) whi ch does nogc
feature to modiafnyd isrf ialntarl ytsii an croautled not be pe
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Tabl® PrototypesBdi fdirngaer gy, Demand, Cost,
| mpacts Analysis

Prot oNgme Numb FIl oDescription

of Ar e
StOI’(Squ
f ee
Hospital 5249, 5Story HodHRARabtotype
provi ded
Hot el Smal | 4 42,4 story Hotel with-171%6
Of ficelLarc 12498, 12 story + 1 basement
zones and a ceiling pl
WWR0. 40
Of fi ceMedi 3 53,€3 story office buildin
pl enum on each. 383o0o0r .
Of fi ceMedi 3 53,€¢€3 story office buildin
pl enum dn oeoa c-b.VBVBR
Of fi ceSmal 1 5,51 story, 5 zone office
and unconditiofe@4att.i
Restaurant 1 2,5Fast food restaurant v

dining areas. 14% WWR.
uncondittowomed a

Retail Lar ¢ 1 240, Bi-lgox type Retail -b2wl
and SRRB2%

Ret ai |l Mi x¢€ 1 9, 3Ret ai l buil d10®. wikRo & f V
adi abatic

Retail St ar 1 24,tSimilar to a Target or
the front fa-ade, none
2. 1%.

Retail Stri 1 9,3Strip Mall buikllOdh ng wi

School Secc 2 210, High school with WWR c

War ehouse 1 49, <Singtery high ceiling

one office -9p&ceSRRVWR

The St aGASHE deesimm mated energy and demand i mpac
proposed code EnokaggPHashagel i ne model $ heer e s«
2022 Researacfh tVlee sCalni fornia Buil ds efgt Eamree gfyo K
Commerlbuial di ngsCo(nmBECE€ach pr ot CCtBYEGCO anl bui |l di

generates two models based on user inputs: th
Design. The St andag dt lDe sg ggometerpyr exsfentthe desi gr
would Iike to build and inserts a defined set
that i s minimally compliant with 2019 Title 2

in the Standar di Dediigm taree 2A®kIsTrNonr esi denti al
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Manual. The Proposed Design represents the sa
but it assumes the energy features that the s

To develop savings eedi mades changele phep &t at
Team created a Standard Design and Proposed D

There is an existing Title 24, Part 6 require
guestion and applies tolberhbhtnewscosstithet Sva
i's minimally compliantPawketgh6i t BAmed D $8 usSsteldeabsd
the Standarnd CBeEiigonr t he 2019 dodérassomes ai @
are not reptoéaee20@d®@® ve qydi rsemdarme Statewi de CASES
revised the Standard Design infiltration rate
compliance with the 2019 code.

I n Climait@ hZou@,h buotlt déngshame hroeagedisred t o hayv
contimauwuoudbvarriers, so the Standaad BRBessiugredi n o
havaen infiltratidatratvkPmfm@&aJurcéméetftenougek
envelope (slinx Glidm®#®t)eandodfegs hlterimatbamsi ¢eher e
requi riemetnite 20 14¥9%e cStdeet e wilT d atmC A &fserd an
infiltration?froat en eoM clo.nls tcrfune/tfiteOn ainnd Gloirmat e s
alterianiahk 16 climate zones

The Proposed Design was identi calcetpdort hteheSt an
revisions that represent t hlea bd dporpeosseendt sc hparnegceiss
which parameters were modi fied anad dwhDeets ivganl ue
and Proposdide Depsomgmsed comdi tiindnsl tasastunden r at e
at 7bnPall 16 clTmatiempaantes of the pr-oposed mi
specific and so all <c¢climate zones were model e

Compar ieaget et smplcameard Design t o rtehvee aHrso p o ¢
the i mpaproposedheode change relative to a bu
compliant wTitthl ¢ h24 20R®rt 6

CBEGCom uses EnergyPlus as a simulation engi nt
infiltratiansumwiongvaylsl infiltrat(i .omowrccauirde g)h
or assuming infiltration occur(.&hxosgteshe e
CBEGComses the infiltratioponbebhEobgbyvw&bhisn app
recently idenhowi EBEG@®EM wasoapphying | eakage r;
typically reperatkad)ebd hre d ugshi diehde eenritteil roep s iwd r e

i nadvertent-bydagdplreaatbeasg e x u ltahtaitonass Eame | e a
through whhinss wintlyy .i n an whobdbeesidn imaglt T et od n
Energy Commi ssion has indicated they wil/| be
version efonCBEhNGA addr eGBEGConvi |l ecoms e nulee t o
infiltratioonnlhywpooagdbhwabdts the infiltration r
reporfefliinration through the entire envelope
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infiltration through walls ohbhyibé&hepole¢bleage
value per squasedéedoenuviewidfde beprbreadr ri ve at t he
|l eakage rate per sgiudaead dmwdl ofea.t hFmo rb aauxt admpnige ,
an infiltratidatrabePafteldirtdugh mitiee || cepaek,age r at
1.2 édtm/ 7% Pa thrdhgh Sthae ewaldles CASE Team used
approach to simulate the impacts of the propo

The | eakdde oruggthed he esitsxirdeebanvdelhepeat@t ewi de C
Team usednahyshse ar e prTeashdret elchiemsteio vreartdensr o n

t heisxi des of t he bweirledicnogn Yeenvatreeddogpteo nf i | t rati on
the walblys mul ti pf yWf bg sidhiedes by a fl(aglygo4 of th
cf hMatt Prabotrhe envel opecbebbnr® b htogh the wall s
EnergyPlus uses usnifilgittmreataatodavdl pesswosalhe (4 P,
infiltrawemne ovafwemt Eftm 75 Pgq Haoaamt é madel t he
effects in eEShiaebb4®Blrus he infiltration paramet e

TabléModi ficati oBtsamMaalred t@esi gn i hoE&cmuPranbeot
Propo€ede Change

Prototyp Cl matParame Standard PropobBedi

Zone Name Par amet er Par amet er
[ ® ( s¥/nf c Pn[ & ( s2F/Inf ¢ f)n
New 1016 Buil di 0. 0002 0.0007
Construc I nfilt
Nonresid
Buil ding
New 1-9 Bui |l di 0.00109 0. 0007
Construc I nfilt
Nonresid
Buil ding
Al terati Al Bui | di 0.0019 0.0007
Nonresid I nfilt
Buil ding

Ener gyRllwsul atlewi Iwhiong energy consumption for

measur ed irhno ukrisl opweart tyear (kWh/ yr) anfdhet her ms p
St at eA IItee atnMh e n dtplpdoiue2 D22 ti me dependent val ua
factors to cabDeéewmleatyy amsmreudlT Davh nkuBatlu /pyera)k aenlde c t r
demandluctei ons measur edTl hhen Stiatoemaitdes GASNHE .t eam
presentdovdlaue (2023 PV$) dbéaft@aotrer antdo noanli ol at
value and nominal cost savings.
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The energy 1 mpacts of the proposed code chang

CASE Team simulated the energy i mpacts in eve
cl i nzaotnee specadtiar STDWhdn cal cul ating energy an
Peunit energy i mpacts for nonresidenti al buil
foot. Annual energy and peak demand i mpacts f
transl ated 1 ntoe ifnopoatc thsy pdeirvisdgiunagp by t he fl oor
building. This step allows for an easier comp

types and enables a calculation of statewi de
that i1 s publfifshlkedornateambByobuilding type.

4. 2SPatewide Energy Savings Methodol ogy

Thpeunit energgréemprattapol ated to statewide i1
Statewide Constrnhwhati amheF&Emecgyt <O@ami s6opbni pr o
Energy Commi sTshieorlSt2at 20 de Con ®tsit u anteiven For eca
construcwaduwobndctuhrati n 202 3,hathtee 2f0i2r2s tTi ywd a&r 2 4, P

requirements are in effect. It also esfiinmates
2023 that tIKCASEt deeaenddé o approxi mate savings f
alterations. The consdongsttrn mewif @mogreftarsu c tpirorv i ar
existing buibyiblhwi Isdiock typkeabdi tdi mgteypesel
congttriwn fBourielcdaisntg, Taypee nlo@ i dentical to the p
t ypewail abl e-Com GCBE®&regy Commi ssi on @movided g
which prototypical buildings to use for each

energgciTsapl ®resents the prototypical buil di ng
the Energy Commi ssion €CASHefTeweh ft e Saah eBvu idle

Type I D in the Statewide Construction Forecas
Appendirx sfents additional information about th
used to calcul ate statewide energy i mpacts.
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Tabl® NonrésiadeBuil ding Types and Associated
Buildi ngDTypemBui |l d®Pirmmg of gp Wei ghting F
St atewide Cons Energy Model Statewi de
Forecast Analy
Smal | Oof fice Of fi ceSmall 100
Large Office Of ficeMedi um 5079
Of ficelLarge 509
Restaur ant Restaurant Fa 100
Ret ail Retail StandA 109
Retail Large 759
Retail StripM 5 %
Retail Mi xedU 109
Grocery Store Grocery 100
Noi#iRefrigeratedWarehouse 100
Refri gWanmeladus RefrigWareho N/
School s School Pri mar 6 09
School Second 4009
Col |l eges Of fi ceSmall 5%
Of fi ceMedi um 159
Of fi ceMedi um 2009
Publ i cAssemb 5 %
School Second 309
Apartment Hi g 259
Hospitals Hospital 100
Hot el / Mot el s Hot el Smal | 100

4 . Pe-Uni t

lGandabl T he
buil ding

savings$l|fother

foraturally
pr ot o teyupnei t

Whftand. 44 8. @i3t herffdse/pendi ng
ar e0 e@W2athddOW/@ tr ange
on Tchlaienwa tceo nzsarmeu.icn g ©® nf or
t he

reductions/ i
depending
represent
bar mingr t hat
cf MAt5Praand

a

-pregFavi ng seff

occurri
savings

ng
for

ncreases
savi

t he
proposed

ngs

2Q2Zritl e

d e maruc p e womast e

bTuhi el dpirenrg

Ener gRebmpast s
Ex ampidersyviamgpke ak

forcelLar ge

fi
upon

t he

opportunity

p r e sTeanbt| eed
ar e
tayrpee htasf drheecdst e Bed@pmeinrduagrteiHo unant e a.
teywpegygememmEgOUNTL

mar ketFoadaomtei @O forcec@ammle
rst22y &8 8r6 . dr8e

c |

ai rc orarersipeorn db @ ov ear ibfaiseed i (ne i
i ncffinfatrtasd)STon erwat e

i n
presented

e X p
I mate zone.

be
©l i mate Zon
of adding a

N

of 0.
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constrauaviimqns for CleérmpresZ2oneth@ savings ass
adding a verificarrespoaguitoemebtaselcifiiét i nf il
at PraAnd a proposed i ncffinkatrtazs ba)alat er afi 6ng s.
represent savings associated with adding an a
with air barcberesponfli tat aohaégeldfrindatti n#5 | t r a
Paand a proposed i ncffiniatrta SFafra)adtte raft i ®.nds, t h
savings are conservative si fCoed dfhaulmodwed!| wesss
instead of vintage buil dionywstceom difrétBsce iieom t ype

Sectd.omh.o2r a discussion | eakage rate assumptio
anal vyedppendiior G he engsggssavi ated with addir
air barrier where an air barrier iIs not curre
This measure is not expected to have signific

mi xedelbi |l di ngs.

I n the Warehouse protot yrpee fsrcohne doupne ,t o héea no fafn c
that i s iwmhHend tor¢aguirorni nngs. The Statewide CASE Te:
use the savings from wihteh wahehauasemptrioomttylpat
are not | ikely to be opteenwifdreo nC ABPEN Tteoa nd ains. |Toho
feedback from stakeholders on these assumptio
e
[

Th energy savings associated with requiring
Cl mat e -&Zon8,sfalnda€fdditions and alterations 1in
founllppendi x G
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Tablé FiYesat EnergyYeflSompaces§ Rewt Constiructi on
Of fi ceRraotigyeBaui | di ng

Cl i me El ect Peak EI e Natur a TDV En
Zone Savi| Demand Red Savi | Savi |
( WH 9 (WH (mi ItHher h3y ( T DKvB t/f @)

1 a9.) (0.0 20. 49 2
2 18. 0.0 10. 41 ¢
3 22.)! (0.0 17. 40 ¢
4 @a.py 0.0 9. ¢ 334
5 3.0D 0.0 12. 33E
6 6.Y 0.0 9. ¢ 294
7 22.): 0.0 4, 08¢C
8 @az.) 0.0 3. 09C
9 12. 000 3. 1. ¢
10 13. 0.0 8 . ¢ 3.
11 32. 0.0 5. ¢ 2. ¢
12 12. 000 4 . 20 €
13 2 4. 0.0 9. ( 3. ¢
14 35. 000 2 . ¢ 2.
15 (2. (000: 12. 3.
16 12. 000 3. 1. ¢
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Tabl®@Fi rYsetar Energy I mpact $APeer tOfdn e elaatg e
Prototype Building

Climeé El ectr Peak EI e Natur a TDV En:
Zone Savir Demand Red! Savir Savi
( k Wit/ y) (WH (thermd/y (TDV kBt

1 19 .)¢ (0.0 20. 49 2
2 18. 0.0 10. 419
3 22.)F (0.0 17. 4009
4 @a.p 0.0 9. 4 334
5 3.p 0.0 12. 335
6 6.Y 0.0 9. € 294
7 22.) 0.0 4 . ¢ 080
8 a2.)t (0.0 3. & 090
9 15. 0.0 6. & 326
10 20. 0.0 7. € 337
11 31. 0.0 19. 732
12 33. 0.0 12. 504
13 25. 0.0 9. & 45 8
14 51. 0.0 20. 774
15 8 6 . 0.0 5. & 481
16 (18.)¢ (0.0 2 8. 696
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5.Cost Coridf f ecti veness

5. Energy Cost Savings Methodol ogy

Energy cost savings were calculated by applyi
energy savings estimates that were derived us
4.TDY s a nomembatioaéd elnatrcapystavitnlgast counttlse f or

variadt eof el ectrgasdenncdandomnat ,af@olbhbgewyehr how
costs are expecttehde tpoe rcihoad{ g oawemrrl 3 sdiler r esi de

measures and nonresidential envelope measures
nonresidentilan tmeiasucaesg, the pkieadbef TOWVal y:
cost i mpacts aroeni mrad s edmtPed@prise saenndt ivnaalnude dol | a
reprnase he energy cost36@ea&ewirrsgs realized over

The proposed codenetvangasappkttaedsdnitta so nwse laln da s
alteratieorsgyThhesobrsadidngs$s onswearned easlttiemaatte do nas:
being the same assavtihneg se nfeargyniecmw s@Goinmatr®cZooaes

where there is no air barrier requirement . Ho
that this is a consoerdveart ivvien teasgtei nbautiel,d isnignsc ed o
i mprovements i nndwactoenrt ibnauroru sefrthsnsa | iamp rommvement s
infiltreviennwhreant et here is no air barrier requi

5. Energy Cost Savings Resul ts

Pewunit energyfoosnhnewhyingeasandkctedalbbanhalnegs

realovenrd3 yleeprer i od of anal ysnosmiammrael pdoelsleanrtse di ni
Appendn®80P23 dofdalIr&andabl® or Of hecelLar ge protot
Thet 8@ eddD¥nergy cost savings in presant valu
protot Appendbhxr Hhew construct 90 nh,a v&l iamabtaes e oi nne
infiltration?artat7e5 oefhilmald ed @Ané/nféta ve a baseline

infiltration2ra&ddi ofi odvs7 acfdm/af tleirnaet iionnfsi latlrla thi
oft. 1 é&f m/ ft
The TDV met hodology all ows peak electricity s

savings dmuealkgperinowesver this measure does not
el ec tspaivci ng s .
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Tabl1@2023 TPV Energy Cost SyaevalPre g 58 oAwvaslfyi s3i0s
Per SquarirMewWoOGonsti@fcftiioenLar ge

Cli mé3@¥ear TDV E 36@rear TDV Tolt a-§6ar
Zone Cost Sa Gas Cost Energy Cost
(2686RVS (2686RVS (26RVS

1 ($0. $0. $0.
2 $0. $0. $0.
3 ($0. $0. $0.
4 $0. $0. $0.
5 $0. $0. $0.
6 $0. $0. $0.
7 ($0. $0. $0.
8 $0. $0. $0.
9 $0. $0. $0.
10 $0. $0. $0.
11 $0. $0. $0.
12 $0. $0. $0.
13 $0. $0. $0.
14 $0. $0. $0.
15 $0. $0. $0.
16 ($0. $0. $0.

Table 2023 PV TDV Energy ¢eatr Paeviirmglsio®dv Am ald ¢
Pefquareil Abobeéer aitOfdnselLar ge

Climeé3@vrear TDV E 36rear TDV Tot advyea®
Zone Cost Sa Gas Cost Energy Cost
(2023 (2023 (2023
1 ($0.)( $0. $0
2 $0. $0. $0
3 ($0.)( $0. $0
4 $0. $0. $0
5 $0. $0. $0
6 $0. $0. $0
7 ($0.)C $0. $0
8 $0 $0 $0
9 $0 $0 $0
10 $0 $0 $0
11 $0 $0 $1
12 $0 $0 $0
13 $0 $0 $0
14 $0. $0 $1
15 $0. $0 $0
16 ($0.)( $1 $1

2Q2ZTitl e 2F|) nGBASH FReipROr2NMRENV-E|[6 1



5. 8Bncr e mieinnCsptls t

|l ncremental first cost is the initial cost to
practices when compared to the cost of an equ
i mportant that the Statewide CASE Team consid

measure cost effectiveness. I ncremental first
and can change over time as markets evolve an
newcheol ogy and building practices.

The Statewi deusCdBlita Selaimmes awmdetdvbmet sef of e
i ncrement alfi rcsots tdaéscefFlhidnwei | di ngs that already h

requiré@ment esindeewntcioanlst r uc tZoonne sii 6F@Crl i tmhad e

buil dings, the only incremental cost that the
costwhofl e buil dithgs tdlihmegrlee dlcaqdd kempaewcde @se i n
construcstitbereosts no changeg iuns etdh,e ommaltye raina lesmg
on enstuheeixmgrtd i rement s odf Sleicttli evan? dl,1ii0RE7r t 6
joints, penetrations and other openings in th
sources of air | eakage shalsltrbe@peayl loed otdas kv
sealed to |Iimit infiltration and exfiltration

The Statewide CASE Team divided the building
wi mbre than and | ®osfs ctohnadni t1i0Obmied0 isfptatclee exi st i
thresholTd tl e 24, rRlarptarg yf aré stihgen croenvsiterw catnido n

of building Gommhsshenrngamiliaritheg St &athe RESH
CASE Traac hedf ioMIBERS oRa thearts c ohv eGa INofrotr ni a, Fres
Central \alnl &y ego, and Los Angeles to esti mat

prototypeurbdidrl di‘ta,gkm0 dfithng t o REBNETHBRSI R886t:
gave a range of cost for the testing and chos
cost for each bheeEdbh@® prototype

Tab2@Cost of TestsiumgdeBuilfiéd fCOPdi t iAo ead

Building Pr Condi ti Range Aver e
fl oor testin testin
Of fi ceSmal l 5503 $ 4 0600 $50
RestaurantF 2501 $ 5 0700 $60
Retail Mi xed 93768 $ 6 0100 O $80
Retail Strip 93768 $ 6 0100 O $80
The Statewide CASE Team spoke with p,yrotfws sofon
which have offices inside and outside of Cali

buil dings fonfee dOsOO0i@Ohcltedes ngr eparati on and
executing the tesTestaindg dmpnt @af el grsalss pr ovi de
buil di ngs {4r000m DA0D, 0eOnOv e | iospec® aabrkeea Not e t hat som
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the buiTdbh@aviengreanetBofo0O®On\vVel ope area but |
than 169fo0®orMditioned floor area.

Tab2® Cost of Tesbiveg BftopbPAGDongditioned area

Envel ope Cost 1 Cost Cost Aver e
(6 sides Agenc) Agenc Agenc Cos(t$?
(83 ($9 (%9
10, dao0 $0. $0. $0. $0.
25, dao $0. $0. $0. $0.
50, dao $0. $0. $0. $0.
100, P00 $0. $0. $0. $0.
200, OO $0. $0. $0. $0.
400, P00 $0. $0. $0. $0.

Thaverage cost was then plotted and fitted to
cost off otreshi pgototype building bat®ee on the
Fi gdr e

Testing Cost
$0.50
$0.45 |-o
$0.40
$0.35
$030 | :
$0.25 y = 49 42450531
$0.20 .. R? = 0.9566
$0.15 .
$0.10 B S

. Bt SRRt AR TT T TOTTURNNUR SRR

Cost ($/ft2)

0 50,000 100,000 150,000 200,000 250000 300,000 350,000 400,000
Envelope Area (ft?)

FigurGGost of testing | arge nonresidenti al bui l

The cost of testing bwaisl diert g wpni dinteatto yf e t deamc hl 0
of conditioned spacbawaed bDherndatredpmpeh masaed f ac e
buil ding notTam@&fet i omeedcasnt of testing far eact
Sshowmaib2Mor ri son Her shfi el d oafl seox eecsuttiimmagt etdh et |
altemamateerification pr oflgab2n® @angli wdhad dempdaroiw
The cost of the verificati-efnf @actoigryreme sva sp inrof O ¢
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Tab?

2 Cost of Whole BuildindadhrPiLebhbtbagpeTest

Buil ding ConditiEnveé Cost Cost Cost
Prototype FIl oor Surfi Squa Wh o | Vi st
(Dt Ar e @) Foot Buildil Inspec

Tot Leaka of

Envel TestkFo Contin

Sur f i Enti Air Be

ArePrototy for E
Buil dProt ot

Buil d
Apart ment 93,6 60, 2 $0. $8, 62 $26,
Grocery 50,0 122, $0. $12,02 $18,
Hospital 249, 136, $0. $12,614 $18,
Hot el Smal | 42,5 39, 8 $0. $7,10 $18,
Of ficelLar 498, 201, $0. $15, 16 $26,
Of fi ceMed:] 53,6 57,0 $0. $8, 40 $18,
Of fi ceMed:] 53,6 57,0 $0. $8, 40 $18,
Of fi ceSmal 5,5 15,9 $0. $500 $3,0
Restaur an: 2,5 7,5 $0. $600 $3,0
Food
Retail Lar 240, 530, $0. $23, 91 $18,
Retai |l Mi x 9, 3 24, 2 $0. $800 $3,0
Retail St al 24,5 62,0 $0. $8, 74 $18,
Retail Str | 9, 3 25,5 $0. $800 $5, 0
School Pri | 24,4 62,7 $0. $8, 79 $18,
School Sec 210, 320, . $0. $18, 88 $26,
War ehouse 49,4 125, $0. $12, 18 $5 0C
Theecond baseline is for Dburielgduiinrgégsmetnhtast hav e
nonresidenti al new cons9ranontdiaddi hi €h#Fmand 2Zb
these buildings, Telmaen Stoatse wied e dCABE i ncrement
an airibaaddeheooostbd of wholge Hwi€tdinmggctors| e.
and testing tprldf dshsei SGntaltsewi de CASE Team t hat
for not havi wpudmrd aier eb drhreiren wo Frayleayserofofbui
building paper and a klaanye rp ogsfrea ocoassed ywiltah da nT ye
woul d haveofltyhvee Kl abyee ras 0 tslea liprd rmreamceprsetalea b or
for airande @loissg bly the cost of going from a |
Tyv.ek
The Statewide CASE Team spoke to a Tyvek spec
another based in California who were both be
barriwirreme@h®gvek specialhete balghgemaa ashi ft

2Q2ZTitl e 2F) nGBASH FReip2cr2NRENV-E|6 4



frommi6rdut e Grade D building paper atso Thyivgetke ra npe
that the cost to make Tyvekdacmaegluwnneair bar
addi tsiebtan ®lg s peci al i st estimated that installin
barrier Tyvek systi®mb5bobfd ltva IcTdhsatr Shah.t £wi de CASE
Team esti mated atihratsetalHe ngo wtheofdppedaxiwmapel y

per coefntt hle ctoosttra 10 . 0%/ff twal Th e rastpheecri al i st est i
the incrementafl mategi &romobui |l disdg/Cilahpeer t o
St atewide CASE Team therefore assumedoén aver
wall area to account both the case of a | oose
($0.2A0hd replacing a | ayer of building paper
($0.Bhétincrement al castd ohethet ali rcomtrameért |
whole building air | ealRag22testing can be fou

2Q2ZTitl e 2F|) nGBASHE FReipROr2NRENV-E|[65



Tab2® Tot al Il ncrement aWi Codutf 8arBuielrdi ngs
Buil ding Gros Cost o Cost of-" Tot al Air
Prototype Wa l | Barri BuildinglncremeBarrtr
Ar ec Leakage T Cost Per c
Abov ofTot
Grou pr(o$topte3 ($ per ($ pe CoOst
(Dt pbuildi prototypprototy
buildin buildi
Apartmentl| 43,2 $2,16 $8, 62 $10, 78 209
Grocery 22,3 $1,11 $12,02 $13, 114 9 %
Hospital 55,8 $2,79 $12,64 $15, 43 189
Hot el Small 18, 2 $912 $7,10 $8,01 119
Of ficelLar $6, 23 $15,19 $21, 42 2979
124,
of ficeMedi 21, 2 $1, 06 $8, 40 $9, 47 119
of ficeMedi 21, 2 $1, 06 $8, 40 $9, 47 119
of ficeSmal 3,0 $151 $500 $651 2379
Restaurant 2,0 $100 $600 $700 149
Fast Food
RetailLar¢ 50,0 $2,50 $23,91 $26, 41 9 %
Retail Mi x« 5,5 $276 $800 $1, 07 2679
Retail Stal 12, 6 $633 $8, 74 $9, 37 7 %
Retail Stri 6,7 $339 $800 $1, 13 309
School Prii1 13,9 $697 $8, 79 $9, 48 7 %
School Seci 64,2 $3,21 $18,88 $22, 09 159
Warehouse 26,8 $1, 34 $12,18 $13,52 109
5.4ncremdaitatt e manee | ac eCoesntts
| ncr emeantnalenmndeéeienos & nteossttalof repl acimg t he

parts
oper ateilnagt i v e
val uequwifpmanht enance
wdti € h( d)s

di

of

Scount,

t o

cost s

t haes ewgeulilp naesntper i odi c
owrerr 8 theapre aic @ a.fg sT hse
(savi ndhgpeeewasnitc al c L
consi stentd wvhtehn tdheev edli ospcionugn
cbbéyeahat soccur s

2Q2ZTDVILhpr e sweanltaufe mai nt enance

cal

ASs
and

cul

ated

as

foll

OwsSs .

ma i

0 OACAATOORAET OAATAOG AET OA4 'I'A@(A—A—”ppA

not ed
[

mproves
increment al

ma i

8ngSepgeéed omui | di ng
buil di ilgi enprebdtppeal ongenvot yexpec:
nt enanmnwoeal | do gte daurccke

2Q2Zritl e

air

tightness

ntenance
present

infa i anrt yetnhainrcge
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Reducing infiltration has been shown to reduc
therefore al {&tmaludeamd dr. gt

5. EosEBf fecti veness

This measure proposes a prcehscrai ptoiste arnead wisri esm
to demonstrate thaeftodet meagyewer ipehe 3@ of ana

ThEnerCoymmi ssi on esfgradbd e dlhreess tftherefcae¢ecuwil aenegs
The St aGASHE deealml aborBhnedgwi €Edhmmi ssion staff t
the methodol ogy in this grueipdoeritn oiéss dciommgss skt iecnht

were included Tihmn ctrheemdamtaa Ity s¢ est amad nitrecnraennceen t
costs ov-geat hpeBDosd wefr eanianilcylsuided. The TDV ene
from electricity andahabet aldegasnsaniengyawvwerne
Design costs werwermneientcnemesgsbédloneostompl i ance
verification.

Accor dt mEnetrogy Cotmehesshnhbhions, @fhezsuwve i d$ ¢d
bendfaiotg B/rCatiiso gr eat er t hraantiido ®al dhleatBé C by di
cost beeaeafited obegrtB@e yeam$ si nwhembnitatl odes
mai nt enance yceoasitese fBo/rC 30ati o was calcul ated us
cost sd&lvumbgss in red are below the cost effec
numbers in red with parenthesis are negati ve.

Resudft gh dauencotse f f ect ianvaelnyesess ar eZxTab2 aenrfitadhd ei

250r new construction anfloel|l tOdf atciecmas.fer s pe O
summary of -ttahes tb érnaetfiecach bui bdieidng epvreortyo tcylpiemat
zone is pimTadvd tnellda b2 ® onrew construction and al't
respectivel y.

Hospitals were excluded for additions and al't

The construcbenpadfewesitigdrtdetalr each cl i maaél pone i
28The consweaiughtieodt @entefrndti o for waachkhatclciumat e
usiklb@uatli on

Equatli o®onstructed WelicQhhs e dRBtein€&faich Cl i mate Z
xBCRoce)For @coaddhior e ezast

Wher e:

BCRrocr(F) tBh/leC f@tri @ parti ¢hlarc!| pmatet ypeae of ir

Foregrastistdgonstruction forercatsdt f¥me ian ptard i clui
zone of interest

2Q2ZTitl e 2F) nBASHE FReipROr2NRENV-E|6 7



For ee¢zass)tt hecdmdtalucti on forecast in the climat

This section presents cost effectiveness of t

M New Construction and additions:

o Climate Zones 1 through 9: add requirem
verification

o Cli madrees 10 through 16: add verificatic
already froerqualrlednonresidentia) buil dings

T Alterations: require air barrier with veri

The propodedchanges cossolstametwy@ari oerof anal ysi
relative to thewlan stcomgi ceomiduagiigolnteedicti cali lon
instances except for alAsersahtoAmpsa mdaIxCiGamat e Z
Zone 7 was excluded because of the number of
effeahdset cost effective f drs dabi2dprHotwieovres ,and
it is still cost ef fisctRippe ntddlxmiGet al | nanedi ar
bel ow one and those in red and with parenthes

2Q2ZTitl e 2F) nBASH FReip2cr2NRENV-E |6 8



Tab2é¢ -Fear EbBec
Of ficelLarge

ti veness PieNe w gQoanr set rFuocotti o n

Clim Benef Cost Benetfa
Zone TDV Energy Cos Total Incre Cost F
Ot her PV 2¢ Cosh

(2023 (2023

1 $0. $0. 17.
2 $0. $0. 15.
3 $0. $0. 14.
4 $0. $0. 11.
5 $0. $0. 12.
6 $0. $0. 10.
7 $0. $0. 2. €
8 $0. $0. 3. 2
9 $0. $0. 11.
10 $0. $0. 8. E
11 $0. $0. 15.
12 $0. $0. 14.
13 $0. $0. 10.
14 $0. $0. 17.
15 $0. $0. 10.
16 $0. $0. 16

a .

Benefits: TDV Ene
savings over t he(
di scounted atianf

fi-cest savings if
savings if PV of
.Cost s: Tot al Il ncr
replacement and
(infdadfusesnhed) thr
of current mainte
benefit. I f there

rgy Cost S8enerfsts OnhbeudPBPVTB¥VvENEGS
Breeri oyd 40 f Emawiarl gyrsment ®fF hEcosami ags2a
Eatéeénpent baht rate. Other PV saving

proposed first cost is less than c
proposed maintenance costs is |l ess
ement aCofPresient!| YVaéuiedc Cemeéstal equ
mai ntenance costs over the period o
ee percent rate amnd ik BYeatepr opas
nance costs. I f increment al mai nt en
are no total increment al PV cost s,

2Q2ZTitl e 2F) nGBASH FReip2cr2NRENV-E|[6 9



Tab2® -Fear Ebettiveness PeirAlStqeuraaitéifdrnosoeé L ar ge

Cli ma Benef Cost Benetfa
Zone TDV Energy Cos Total 1Inc Cost F
Ot her PV 2¢ PV Co0o¢
(2023 (2023
1 $0. $0. 17.
2 $0. $0. 15.
3 $0. $0. 14.
4 $0. $0. 11.
5 $0. $0. 12.
6 $0. $0. 10.
7 $0. $0. 2.
8 $0. $0. 3. ¢
9 $0. $0. 11.
10 $0. $0. 12.
11 $1. $0. 2 6.
12 $0. $0. 18.
13 $0. $0. 16.
14 $1. $0. 2 7.
15 $0. $0. 17.
16 $1. $0. 2 4 .

a.Benefits: TDV Energy Cost SBenepfsts OnbeéeuvudBVTB¥VENGgS
savings over the( breaerigpw +0fEmwmiarlyrsmesnt &t hEcosami ags2@

di scounted atianfkati énpmt hakte percent ratel Ot her P
fi-cest savings if proposed first cost is |l ess than ¢
savings i f PV of proposed maintenance costs is | ess
b.Costs: Tot al I ncrement aCofPresiemeclréddened| Cegtus pment ,
repl acement, and maintenance costs over the period o
(infdadjuenhed) three percent rate and if PV of propos
of current mai nt emeantcael croasitnst.e nlafn cienccroest i s negati ve,
benefit. I f there are no tottailositncrraetmeontiasl iPnVf icnoisttes.,

2Q@2ZTitl e 2F|) nGBASH ReipROr2NRENV-E|7 0



Tab2@Air Barrier wiiBebnettdbbstc®aed@aeareri od of i Rewl @enstructi on
Prototype

Climate 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Hospital 10. 8. 11.10. 8 9 4 . 4 . 8 . 5. 9. 6 . 5. 12. 6. 7.
Hot el Smal |l 3. 2. 2 2. 2 1 0. 1. 1. 1. 4 2. 3 5. 3. 5.
Of ficeLarc¢17. 15, 14. 12.12. 10 2. 3. 11. 8. 16.14.10. 17.10.16
Of ficeMedi 4. 2. 3. 2. 2. 1. 0. 1. 2. 1. 3. 1. 2 3 2. 3
Of ficeMedi 6. 4 . 5. 4 . 4 . 2. 2. 1. 3. 1. 3. 3. 2 3 1. 3
Of ficeSmal 2. 2. 1. 2. 0. o. (0. 2. 2. 1. 5. 3. 5 5 4 . 4
Restaurant 5. 3. 4 . 3. 3. 1. 0. 1. 2. 1. 3. 2. 2 3 2. 2
RetailLarc¢c 2. (0. 7. (0. 1. 1. 0. 0. 2. (0. 2. 0. 0 (0 0. 1
Retail Mi xe 6. 7. 2. 1. 1. o. (1. 1. 1. 5. 5. 1. 2 8 2. 6
Retail Star 1. 2. 1. 0. 1. o. (0. 1. 0. 0. 3. 2. 2 1 1. 1
Retail Stri 8. 3. 1. 1. 2. (1. oO0. 2. (2 1. 7. 1. 6 6 6 . 7
School Secc 7. 4 . 6 . 3. 4 . 2. 1 1. 2. 1. 4 . 2. 3 4 2. 7
War ehouse 5. 2 . 3. 2. 2. 1. 1 0. 1. 0. 1. 1. 1 1 0. 2

2Q2ZTitl e 2F) nGBASH ReiRROr2NMRENV-E|7 1



Tab2@Air Barrier wiiBenet€dbbtc&atd@ eareerri od of i Alnaéiystiisons
Prototype

Climate 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Hot el Smal | 3. 2 2 2. 2 1 0 1. 1. 1. 4 . 2. 3. 5. 3. 5.
Oof ficeLarc¢c 17. 15.14.12.12. 10 2 3. 11.12.26.18.16. 27.17. 24,
Of ficeMedi 4. 2. 3. 2 . 2 . 1 0 1. 2. 2. 7 . 3. 4 7 . 5. 7 .
Of ficeMedi 6. 4 . 5. 4 . 4 . 2 2 . 1. 3. 3. 7 . 5. 4 . 7 . 4 . 6 .
of ficeSmal 2. 2. 1. 2 . 0. 0 (0. 2. 2 . 2. 9. 5. 7 . 9. 7 . 7.
Restaurant 5. 3. 4 . 3. 3. 1 0. 1. 2. 2. 6 . 4 . 4 . 6 . 4 . 5.
Retail Larc¢c 2. (0. 7. (0. 1. 1 0. 0. 2 . 0. o. (0. 2. 3. 2. 2.
Retail Mi xe 6. 7 . 2. 1. 1. 0 (1. 1. 1. 5. 11. 4. 5. 10. 6. 10.
Retail Star 1. 2. 1. 0. 1. o. (0. 1. 0. 0. 2. 3. 3. 2. 2. 3.
Retail Stri 8. 3. 1. 1. 2. (1. 0. 2. (2. (1. 11. 2. 10. 4. 8. 13.
School Secc 7. 4 . 6. 3. 4 . 2. 1 1. 2 3. 10. 5. 5. 10. 5. 13.
War ehouse 5. 2. 3. 2. 2. 1. 1 0. 1 1. 3 2. 1 3. 1. 4 .

2Q2ZTitl e 2F) nBASHE ReipROr2NRENV-E|7 2



Tab2@Constr uWetiigohnt ed Beaethdfost RaEacoh f@Ilri mat e
Zone

Cl i ma New Al t er a
Zone Constru B/ C Re¢
B/ C Ra
1 6 . 6 .
2 4 . 4 .
3 6 . 6 .
4 4 . 3.
5 3. 3.
6 3. 2.
7 1. 0.
8 1. 1.
9 3. 3.
10 1. 2.
11 4 . 6 .
12 3. 4 .
13 3. 4 .
14 4 . 7 .
15 2. 3.
16 4 . 7 .

2Q2ZTitl e 2F|) nGBASH FReipROr2NMRENV-E|7 3



6.Fi fYyetat abelvmpgact s

6. Bt at ewiedregyEENner gy Cost Savings

The St aCASHE deealmc ul aftiegyds aitrhest at ewiode nseaw i ngs
constrhuctmwint i pl-ymintg ¢ dwi mpgsr,e svemitcehd 4 ISy ct i o
assumptions about the percentageoabednewly con
i mpacted by ¢ dhaede psriDdptwesweidde new constBustion f o
presenAppenadisx aA e t heCAStEatTéesaindsesumpti ons abou
percentage of newooabest mpatied bhkathe proposa
zone and building type).

Th8tat ewi de GAsSSEunleedanmi hat buanmadionrg sa lodfielda thi aovne
|l east 50 percent evfertyh &,0baytielawhsingh ap ®iant 1t wi l
to i mprove the air tightness of the bobatding.

atterations will not have existing air barrier:
in 2DH&8reflboeeStatewi de CASE Team assumed that
of climate zone, wil/l have a?adtaseI hmma infiltr
assumption is based on the factthdadgameren t he
i mprovements in weather barriers and insul ati
construction for c¢climate zones where there is

Théei-ye&merignpacts represemtanmeal savings fron
that were coBifhétyeedeamer Y 2cost savings repres:
cost savings 3cyeamambhgeesithter st at ewi de savings
do notatwrkal ny occurring mar ket adoption or c

Tab2®ntiabd @r estelfddi-yedar st atewi de energy and en
fromwgonstructedybuil dnamaps3zZmrmesenyeafi ssat ewi o
savingseWwr omns,t raudcdtiatoehb her.dah8chsol Pri mary prot
waexcluded from the statewi dhee eda vfiwrgshtebgatniuc e
Refrigerated warehouses were also excluded fr

2Q2ZTitl e 2F|) nGBASH FReipROr2NRENV-E|7 4



Tab?2@ Statewi daedmdEEearegygy
Cl i

m
Zone

00 ~NO O WN P

©

10
11
12
13
14
15
16

TOTA

a .

Fi rryse@dravi ngs

St at eWead
Construc
| mpact e
Propose

Change 2 El ectr

(million
feket
0.
3.
16.
8 .
1.
11.
N/ .
16.
27 .
14.
3.
17.

6 .
3.
2.
1.
134

CadNewl @pasthsuctio

38Year
Fi rYseta Presen
Fi rsi Peak Fi rYsetar Val uec
Yed&r El ecti Natural Energy
Deman Saving Saving
SavinReduct (Thousa millior
(MWh ) (kW) Ther ms PV$)
( 8. (0. 12. $0.
(4. 3.1 33. $1.
(297, 51. 280. $11.
(41. 18. 73. $3.
(27. 4.1 18. $0.
(89. 6 6 . 8 2. $3.
N/ . N/ . N/ . N/ .
36. 2 6. 50. $ 3.
2 4. 159. 149. $9.
103. 17. 45 . $2.
51. 8. & 25. $1.
125. 4 4 . 92. $5.
8 2. 13. 2 3. $1.
2 4. 4. ¢ 2 8. $1.
52. 8. 4 3. € $0.
2. ¢ 0. ¢ 12. $0.
34. 427. 933. $48.

from all

2Q2Zritl e

buil di nggs

compl et ed

statewi de

2F) n@ASE FReilROr2NRENV-B|7 5



TabB8@ Statewide Energy an
Clim Statewi d Fi r Fi rYseta
Zone Constru Ye & Pea
| mpacteEl ecttr EIl ect
Propo Savir Demar
Change i (MWh) Reduct
(million (kW)
fee
1 0. (6. (0.
2 2 . (6. 2.1
3 13. (229. 38.
4 7. (57. 12.
5 1. (25. 3.1
6 10. (90 58.
7 N/ | N/ . N/ .
8 14. 2 6. 19.
9 2 4. (46. 125.
10 14. 125. 2 6.
11 2 . 6 2. 0. Z
12 14. 15. 7. 2
13 5. 140. 25.
14 3. 55. 19.
15 2 . 113. 14.
16 1. 5. 7 (1.
TOTA 118 8 2. 352.
a. Fiseyear savings from al/l
TabB8%® Statewi caed@dEEaregyy
Al tergamadnAdditions
Construction Fi rYseta Fi rYseta
El ect1 Pea
Savir El ect
( GWh Demar
Reduct
( MW
New Construc: 0. C 0 .34
Addi ti ons an 0. C 0. &
TOTA 0.1 0. 7

a. Fi fyetar s avi nag st efrracbnmpanisit e d

2Q2Zritl e

buil 8ings

df AHneerrgayt i @ansst | mpact
Fi rYseta 36Yea
Natur a Pres:
Savir Val u
(Thous¢ Energy
Ther m Savir
(millio
PV$
10. $0.
2 6. $1.
221. $9.
57. $2.
15. $0.
70. $2.
N/ . N/ .
4 2. $2.
124, $8.
92. $5.
45 . $2.
150. $7.
40 . $3.
56 . $3.
7. 2 $1.
2 4. $1.
985. $52.

compl eted statewi

CadNewl @past suction,

Fir-$ea 30Yea
Natur a Pr es:i
Savir Val u
(MMTher m Ener gy
Savir

(PV$ mi

0 .3¢ $47.

0. ¢ $52.

1. ¢ $101

st &8t ewide in 202

2F) n@ASE FReilROr2NRENV-B|7 6



6. 3t atewi de 6éGae GH&IMS ssi ons Reductions

The StaCAWEd&ealmcul ated avoided GHG emi ssions
emi ssions factolUri spdcbfatdsi BEntwime AAgmédBctyal( Pr
EPAEmMIi ssions & Generation Resource Weptéegrated
Electricity Co€adi nWEGBCARCEMKhrcedi on. Avoided ¢
emi ssions from natural gas savingsscaatliteri butab
el ectrical power generation are calcal ated us
EPAG6s Compil ation of Air P62 Pevehpmeén @dimxrsCi ons
additional detailsse®d ttdhhecanled hloaltbdsdh@H B i smi s s i «
analysis assumes an average .e4 emdtrriicd ttyoresni GQ:
GWh based on the average emission factors for

Tab3Presents t he-yesatri mastoa d efdi rGHG reapossead ns of
code changefipepGH@ Mi ssi Dhs0m@3 ri ¢c tons of <car
di oxi de eaqetitvaleRmwgsul chvime.d e d

TabB82Fi rYsetaSrt at e @HGEmMIi ssi ons | mpact s

Avoi ded GHG | Monetary Val uce
MetricCO?ah GHG Emi sc$d02
TOTAL 11,0 $1, 171

a. Firyetar savings from all buildings completed statewic
b. Assumes whegfemi 9sRdOMBEOR et &Wh ,54 .nMIT CO e 1 Ithieornms .

6. St atewWatder Use | mpact s

The proposed wooudhedtc reersqud t i.n water savings
6. St ateMatwder i al | mpact s

The proposed code change would not result in
geared towards i mproviangesiexlliopg amsd eddt gi li inn

6. Bt hHBo+fnerigmpact s

Al r tigmpnescecesupant comtantdpbram af drafts, ai
control, a@ctGa#akctaoldn nacddi)ti on to this, mi ni mi zi
mitigate the ri(sktrodulreond.edh.s)ati on

2Q@2ZTitl e 2F|) nGBASH FReipROr2NRENV-B|7 7



7 .Pr opoRseevdi si Gmdanh @guage

7. Gui de tolLKagkapge

The proposed ochamgleagRdsfoertéhrece Appendices, and
Reference Manuals are pr ovi3deodc ubneel notws. aQhea nngaersk

wi t Bdnder l(ineiwnd ang sa&gexea(hdeoluethiso

7. 3t andar ds

ADMI NI STRATI VE REGUALAITH@OANNSI A CODE OF
REGULATI ONS TI TLE 24, PART 1

1a 0BPERMI T, CERTI FI CATE, | NFORMATI ONAL, AND EI
REQUI REMENTS FOR DESI GNERS, I NSTALLERS, BUI LD
MANUFACTURERS, AND SUPPLI ERS

(Secomonsed)

10 03I NODNRESI DENTI AL EN¥EDONERI FI CATI ON AND
DI AGNOSTI CS QUALI FI ACTI ONS

(a) Scope.The requirements of this section apphgtalified thirdparty entitieghat perform
work relating tdfield verification and diagnostias nonresidentiatnvelopesystems.

(b) Qualifications. The thirdparty conducting the test air barrier testing agency shall meet the
following gualifications:

1. Accepted by the building owner or building
investigations of the whole building air barrier.

2. Qualified personnel to perform testing and inspections shall comply with the following:

A. All personnel. Persons must have at lest three years of professional experience.

B. Continuous air barrier pressure testing personnelable to produce a record of
training from the manufacturer of the testing equipment, demonstrating competence
in the testing in accordance with ASTM E779 or ASTM 3158 for scope they are
performing. In addition, the final test report, including but ndinbited to the test
plan, calculation methodology and final results, needs to be stamped by a licensed
professional in the state of California. For buildings under 10,8@0 &éonditioned
floor area, training for testing in accordance with (RESNET)/ANSIB 3832019
shall be accepted

C. Infrared thermographer: ANST Level | certified to perform infrared diagnostic
evaluation.

2Q2ZrTitl e 2] nBASHE ReipRAOr2NRENV-E|7 8



EFFI CI ENCY STANDARDGBRNI A CODE OF REGULA
TI' TLE 24, PART 6

SECTI ONTDE&BI NI TI ONS ANDCONSTERSUGIH ON

(b) Definitions. Terms, phrases, words and their derivatives in Part 6 shall be defined as
specified in Section 100.Terms, phrases, words and their derivatives not found in Section
100.1 shall be defined as specified infih® e f i n hapters of Bitie 24¢ Parts 1 through
5 of the California Code of Regulations. Where tenphsases, words and their derivatives
are not defined in any of the references above, they shall be defigpecited in
Webster's Third New International Dictioryaof the English Language, Unabridg€®d61
edition,through the 2002 addenda), unless the context requires otherwise.
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SECTI ONTPRESEBRI PTI VE REQUI REMENTS FOR BUI LDI N

A building complies with this section by bein
prescriptive requirementrequnrémesnectiodbn Subesea

they apply.
(a) Envelope Component Requirements.
(sections omitted)

9. Air. Baormeet the requB,y eanleintb wifl dIABdE dHD

continuous air barried tlhatonsroésiagnedeak
of, the buildingdés conditioned space.

A.Construction documents shal/l include air
penetrations, and associated square foot

B.The air barrier samrad | pdreddmrai talaeadt abhdl |j o
be ¢ ompeoistehde ro f

iAMaterials that have an air? pencteanae no
pressure differentia(Oo002mlaBspa)h, wlemwat
tested in accordance with ASTM E2178; o

EXCEPTI ON t o SerABtMatnherlid®d!l S (iaA9MABLEb&40
deemed twi tcho mpal@Pt. i Bfp)y 8vi ded i f all join
and all of thet amtedi a$ saiarebarriers 1in
manufacturer's instructions.

i BAssemblies of materials and components
exceeding?, Ouddecf m/ pressure differentia
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